Suitability of Some wood Species from Upper Nile State For Pulp and Papermaking ( Sudan ) by Otuk Tuphach, Selim
Suitability of Some wood Species from Upper Nile State 
For Pulp and Papermaking  ( Sudan  ) 
 
By 
Selim Otuk Tuphach 
(B.Sc. in Timber Trees, University of Alexandria) 
 
A thesis 
Submitted in fulfillment of the requirement  
for the Degree of Master of Science in Forestry 
 
Department of Forest Products and Industries 
Faculty of Forestry 
University of Khartoum 
                                                            2008 
 II
Dedication 
To the sprit of my late parents whom I 
love instinctively and admire ... to my 
elder brother … sister and my beloved 
daughters, (Fatima & Farha) … special 
dedication to my beloved wife Mona 
 III
Acknowledgement 
I would like to express my appreciation to my supervisor Dr. Osman Taha 
Elzaaki to whom I owe a great debt of gratitude for his keen supervision 
proper guidance and continuous assistance throughout this study. My 
gratitude and special thanks are extended to my co-supervisor Dr. 
Abdelazim Yassin Abdelgader dean of Faculty of Forestry, University of 
Khartoum for his thoughtful and constant assistance. 
I am also grateful to Ustaz Elyass & Nedal Alachker for their help in 
analysis and typing this thesis. 
The financial assistance of the Forest National Corporation is sincerely 
acknowledged. 
I am also indebted to my colleagues who helped me in one way or  another 
.Their help  is greatly acknowledged. Special thanks also go to my wife 
Mona Mohammad Ali and my daughters for their co-operation, assistance 
and encouragement. 
 IV
Table of contents 
Title Page 
Acknowledgement III 
Table of contents IV 
List of tables VIII 
List of figures IX 
English abstract X 
Arabic abstract XII 
Chapter 1  
Introduction  
Problems statement 
1 
Objectives 3 
General objective 3 
Specific objectives 3 
Chapter 2   
Literature review 
 
2.1   The structure of wood 4 
2.1.1 Hardwood Anatomy 9 
2.1.2 The Cell Wall organization  10 
2.1.3  Fiber Morphology and Classification 12 
2.2    Chemical composition of wood 14 
2.2.1  Distribution of chemical composition in the cell wall    15 
2.2.2  The main wood component   18 
2.2.2.1 Cellulose 20 
 V
2.2.2.2  Hemicelluloses 24 
2.2.2.3  Lignin 26 
2.2.2.4  The extraneous components of  wood 28 
2.3 Pulping  29 
2.3.1. Pulping processes classification 30 
2.3.1.2 .Additives in pulping 34 
2.3.2  Pulp purification (Bleaching) 36 
2.3.3  Paper making 37 
2.3.3.1 Stock preparation 38 
2.3.3.1.1. Mechanical treatment 38 
2.3.3.1.2.Chemical treatment 40 
2.3.3.2.1.Wet-end Additions 41 
2.3.3.2.2.Guar Gum 42 
2.4  General description of species 44 
2.4.1   Cordia Africana 44 
2.4.2   Crativea adansonii 45 
2.4.3   Combretum glutinosum 46 
 VI
2. 4 .4   Sclerocarya birrea (A.Rich. Hochst) 47 
2.4.5     Terminalia brownie 49 
Chapter 3 
Materials and Methods 
 
3.1. Raw material 50 
  
3.1.2.Wood selection and sampling 50 
3.2. Physical properties of wood 51 
3.2.1.Wood density 51 
3.3. Anatomical and morphological characteristics 51 
3.3.1.Maceration method 52 
3.3.2.Washing and filtering 52 
3.3.3. Staining and slides preparation for measurement 52 
3.3.4. Fiber Microscopic measurement 53 
3.3.5.Measurement calibration 53 
3.3.6. Morphological indices 53 
3.4. Chemical composition of wood 54 
3.4.1.Wood meal preparation 54 
3.4.2. Methods of analysis 55 
3.4.2.1.The extraneous components of wood 56 
3.4.2. 2  Inorganic constituents-determination of Ash in wood 57 
3.4.2.3.  Preparation of extractive – free wood 57 
3.4.2.4. The isolation and determination of the main wood component 57 
 VII
3.5. Pulping 58 
3.5.1.Chips preparation 58 
3.5.2.Cooking liquors preparation and analysis 59 
3.5.3. Pulping apparatus 59 
3.5.4. Pulping conditions 59 
3.5.5. Pulping with Anthraquinone 60 
3.5.6. Black liquor analysis 60 
3.5.7. Pulp analysis 60 
3.6. Pulp Treatment 61 
3.6.1.Pulp beating 61 
3.6.2. Additives during beating 61 
3.6.3. Hand-sheet formation 61 
3.6.4. Pulp evaluation 62 
Chapter 4 
Result and Discussion 
 
4.1. Physical properties of wood    (Results) 63 
4.2. Morphological characteristics 63 
Chapter 5  
Conclusion  78 
References 92 
 VIII
List of tables 
  Page 
Table 1. Shows standards and methods in the chemical analysis of the raw material 55 
Table 2. Standards used in the preparation and evaluation of the pulp sheets    62 
Table 3. Shows the bark-to-wood ratios and basic density for five wood species under investigation  63 
Table 4 Depicts inorganic constituents of five wood species from Upper Nile state  64 
Table 5 Shows the chemical components of five wood species under investigation  65 
Table 6.  Shows fiber dimensions for five wood species  67 
Table 7. Depicts average  morphological indices of five tree species  68 
Table 8. Pulp yield for five Sudanese wood species at the same pulping conditions 69 
Table 9.  Shows cooking conditions and yield from Cordia  africana, using Soda and Soda-AQ pulping                               70 
Table 10. 
 Shows cooking conditions and yield from Crateva  adansonii  using Soda 
and Soda-AQ pulping  
  
71 
Table 11 Shows cooking conditions and yield from Combretum glutinosum using Soda and Soda-AQ pulping 72 
Table 12.    Shows cooking conditions and yield from  Terminalia brownii, using Soda and Soda-AQ pulping 73 
Table 13. Shows cooking conditions and yield from Sclerocarya birrea  using Soda and Soda-AQ pulping  74 
Table 14. Unbleached pulp yield and evaluation at 40
0SR freeness for five Sudanese 
tree species  75 
Table 15. Unbleached pulp yield and evaluation at 25
0 SR freeness for five Sudanese 
tree species  76 
 IX
List of figures 
Figure 1. Gross anatomical feature of wood 5 
Figure 2. Three-dimensional direction of cube secondary xylem of Hardwoods ( Adapted  from Koch , Peter . 1985 ) 8 
Figure 3. The cell wall of hardwoods ( Adapted  from Koch , Peter . 1985 ) 11 
Figure 4. Distribution of organic components within various cell wall layers 
of hardwood [ From Panshin and dezeeuw (1980)].P.107 
17 
Figure 5. The Composition Of Wood ( Khristova, 2000 ) 19 
Figure 6. Cellulose molecule (Rydhalm, 1965). 20 
Figure 7. Building blocks of lignin 27 
Figure 8. Structure of guar gum (Nakanishi et al.1975). 43 
Figure 9. Histogram showing physical test of pulp for 5 tree species at 25  SR0 77 
Figure 10. Histogram showing physical test of pulp for 5 tree species at 40  SR0 78 
 X
Abstract 
 
                    Suitability of some wood species from Upper Nile State  
                                           For pulp and papermaking 
 
Upper Nile State is rich in most of the basic factors required to establish 
paper industry, such as  availability of water and fibrous woody and non-
woody species. 
To assess the suitability of some wood species from the study area for pulp 
and paper manufacture,  five wood species,  namely Cordia africana, 
Crateva adansonii, Combretum glutinosum , Sclerocarya birrea , 
Terminalia brownii ,were studied .                                 
Evaluation of physicals, anatomical features, fibers morphological indices, 
chemical composition, soda pulping with or without anthraquinone, beating 
without and with gum Arabic guar gum addition were carried out. 
The wood species studied are different densities, woods suitable for pulping. 
The bark-to-wood ratio for Terminalia brownii, Cordia africana, 
Compbertum gautinosum, sclercarya birrea, were in normal range for pulp 
woods, but for crateva adansonii,  the ratio was low, but acceptable. 
Fiber calibrations were determined  by microscopical observations and by 
fiber classifications. The fibers studied were short (1.31 mm for Cordia 
africana, 0.66 mm for Crateva adansonii, 1.28 mm for Combretum 
glutinosum, 1.04 for Sclerocarya birrea, 1.22 mm for Terminalia brownii) . 
They were in the normal range of hardwoods for commercial pulping having 
medium thick walls (1.060 – 0.857 – 1.061 – 1.078 – 1.062 µm  respectively 
) thinnest for Crateva adansonii and thickest for Cordia africana, 
Combretum glutinsum, Sclercarya birrea, terminalia brownii. 
 XI
The chemical composition of the five wood species was somewhat  
different, but the differences were typically for tropical hardwoods. The 
good cellulose contents of five wood species predicted good yields. 
The overall chemical composition of the wood species indicated the 
suitability of the alkaline methods for pulping with reasonable alkali charge 
and predicted acceptable good yields. The species pulped easily with alkali 
charge of 12-16% as Na2O at 120 minuets cooking time at maximum 
temperature of 170°C to bleachable Kappa values. Addition of 0.13% 
anthraquinone reduced the active alkali by 2-2.3% and increased the yield of 
Cordia africana by 2%. Gum Arabic, guar gum (0.5% on oven dry pulp) 
were added during the beating of soda-AQ pulps and their effects were 
reflected in increased inter fiber bonding and shorten beating cycle. The 
gums overcame the tear reduction resulted from the addition anthraquinone 
in pulping. 
Papermaking properties of various pulps indicated suitability for products 
requiring strength as well as for fine papers, such as printing and writing . . 
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 اﻟﺨﻼﺻﺔ
 ﻣﻼﺋﻤﺔ ﺑﻌﺾ اﻻﺧﺸﺎب ﻣﻦ وﻻﻳﺔ اﻋﺎﻟﻰ اﻟﻨﻴﻞ ﻻﻧﺘﺎج ﻋﺠﻴﻨﺔ اﻟﻮرق
ﺗﺘﻤﻴﺰ وﻻﻳﺔ اﻋﺎﻟﻲ اﻟﻤﻴﻞ ﺑﺠﻨﻮب اﻟﺴﻮدان ﺑﺘﻮاﻓﺮ ﻣﻌﻈﻢ اﻟﻤﻘﺪﻣﺎت اﻷﺳﺎﺳﻴﺔ ﻟﺼﻨﺎﻋﺔ اﻟﻠﺐ واﻟﻮرق ﻣﻦ 
  . أﺧﺸﺎب ﺻﻠﺪة أو ﻣﺨﻠﻔﺎت زراﻋﻴﺔﻣﻦﻣﺎء ﻧﻘﻲ وﻣﻮاد ﺧﺎم 
 ﻣﻦ ﻔﻴﺔ اﻟﻤﻜﻮرة أﻋﻼﻩ ﺗﻤﺖ دراﺳﺔ ﺧﻤﺴﺔ أﻧﻮاعوﻟﺘﻘﻴﻴﻢ إﻣﻜﺎﻧﻴﺔ اﻧﺘﺎج اﻟﻠﺐ واﻟﻮرق ﻣﻦ اﻟﻤﻮادج اﻟﻠﻴ
  (.اﻟﺼﺒﺎغ)ﺧﺸﺎب ﺗﺤﺪﻳﺪا اﻟﻘﻤﺒﻴﻞ واﻟﺪﺑﻜﺮ واﻟﻬﺒﻴﻞ واﻟﺤﻤﻴﺾ واﻟﺪورت اﻷ
ﺗﻢ ﺗﻘﻴﻴﻢ اﻟﺨﺼﺎﺋﺺ اﻟﻔﻴﺰﻳﺎﺋﻴﺔ واﻟﺘﺮآﻴﺒﺔ اﻟﻜﻴﻤﻴﺎﺋﻴﺔ واﻟﻤﻘﺎﻳﻴﺲ اﻟﻤﻮرﻓﻮﻟﻮﺟﻴﺔ ﻟﻸﻟﻴﺎف، آﻤﺎ ﺗﻢ ﺣﻴﺚ 
  وﺑﺪوﻧﻬﺎﺈﺿﺎﻓﺔ ﻣﺎدة اﻻﻧﺜﺮآﻴﻨﻮنإﺟﺮاء ﻋﻤﻠﻴﺔ اﻟﻄﺒﺦ واﺳﺘﺨﻼص اﻟﻠﺐ ﺑﻄﺮﻳﻘﺔ اﻟﺼﻮدا ذﻟﻚ ﻳﻐﻴﺮ وﺑ
  .وإﺿﺎﻓﺔ ﺻﻤﻎ اﻟﻘﻮار واﻟﺼﻤﻎ اﻟﻌﺮﺑﻲ
 وﻣﻨﺎﺳﺒﺔ ﻹﻧﻨﺘﺎج اﻟﻠﺐ، إن ﻧﺴﺒﺔ اﻟﻠﺤﺎء ﻟﻠﺨﺸﺐ ﻣﺨﺘﻠﻔﺔوﺟﺪ ان اﻷﻧﻮاع اﻟﺨﺸﺒﻴﺔ اﻟﺨﻤﺴﺔ ذات آﺜﺎﻓﺔ 
آﺎﻧﺖ ﺿﻤﻦ اﻟﻤﻌﺪل اﻟﻌﺎدي ﻷﺧﺸﺎب اﻟﻠﺐ وﻓﻲ اﻟﻘﻤﺒﻴﻞ واﻟﺪﺑﻜﺮ واﻟﻬﺒﻴﻞ واﻟﺤﻤﻴﺾ واﻟﺪروت وﻟﻜﻦ 
  .ﻜﺮ ﻣﻨﺨﻔﻀﺔ ﻋﻦ ﺑﻘﻴﺔ اﻷﺧﺸﺎب وﻟﻜﻨﻬﺎ ﻣﻘﺒﻮﻟﺔهﺬﻩ اﻟﻨﺴﺒﺔ ﻓﻲ اﻟﺪﺑ
 اﻟﻘﻴﺎﺳﺎت اﻟﻤﻮرﻓﻮﻟﻮﺟﻴﺔ ﻟﻸﻟﻴﺎف ﺑﻮاﺳﻄﺔ اﻟﻔﺤﺺ اﻟﻤﻴﻜﺮوﺳﻜﻮﺑﻲ ، وﺟﺪ أن أﻟﻴﺎف هﺬﻩ ﺗﻢ ﺗﻘﻴﻴﻢ
 ﻣﻢ ﻟﻠﺤﻤﻴﺾ، 40.1 ﻣﻢ ﻟﻠﻬﺒﻴﻞ، و82.1 ﻣﻢ ﻟﻠﺪﺑﻜﺮ، و66.0 ﻣﻢ ﻟﻠﻘﻤﺒﻴﻞ، و 13.1)اﻷﺧﺸﺎب ﻗﺼﻴﺮة 
ﺧﺸﺎب اﻟﺼﻠﺪة اﻟﻤﺴﺘﺨﺪﻣﺔ ﻹﻧﺘﺎج اﻟﻠﺐ، آﻤﺎ ﻟﻜﻨﻬﺎ ﺗﻘﻊ ﺿﻤﻦ اﻟﻤﻌﺪل اﻟﻌﺎدي ﻟﻸ(  ﻣﻢ ﻟﻠﺪروت22.1و
 (ﻣﻴﻜﺮون 260.1 – 870.1 – 160.1 – 58.0 – 060.1) وﺟﺪ أﻧﻬﺎ ذات ﺟﺪران ﻣﺘﻮﺳﻄﺔ اﻟﺴﻤﻚ 
وﺟﺪ أن اﻟﻘﻴﺎﺳﺎت اﻟﻤﻮرﻓﻮﻟﻮﺟﻴﺔ ﻣﺘﺸﺎﺑﻬﺔ ﻓﻲ  . أآﺜﺮهﺎ ﺳﻤﻜﺎ أﻟﻴﺎف اﻟﺤﻤﻴﺾ وأﻗﻠﻬﺎ اﻟﺪﺑﻜﺮﻋﻠﻰ اﻟﺘﻮاﻟﻰ
  .اﻷﺧﺸﺎب اﻟﺨﻤﺴﺔ
ﺸﺎب اﻟﺨﻤﺴﺔ ﻣﺘﺸﺎﺑﻬﺔ ﺑﺼﻮرة أو ﺑﺄﺧﺮى وﻟﻜﻨﻬﺎ ﺗﺨﺘﻠﻒ ﻧﻮﻋﺎ ﻣﺎ ﻏﻴﺮ أن آﺎﻧﺖ اﻟﺘﺮآﻴﺒﺔ اﻟﻜﻴﻤﻴﺎﺋﻴﺔ ﻟﻸﺧ
اﻷﻧﻮاع اﻟﺨﻤﺴﺔ ذات ﺗﺮآﻴﺒﺔ ﻣﺘﻤﺎﺛﻠﺔ ﻣﻊ ﻣﻌﺪل اﻷﺧﺸﺎب اﻟﻤﺪارﻳﺔ اﻟﺼﻠﺪة، ﻳﺸﻴﺮ ﻣﺤﺘﻮى اﻟﺴﻴﻠﻠﻮز 
  .اﻟﺠﻴﺪ ﻓﻲ اﻟﺨﺸﺐ ﻋﻠﻰ اﺣﺘﻤﺎل إﻧﺘﺎﺟﻴﺔ ﺟﻴﺪة ﻣﻦ اﻟﻠﺐ
 ﻠﻮى ﺗﺠﻌﺎهﺎ ﻣﻨﺎﺳﺒﺔ ﻟﻄﺮﻳﻘﺔ اﻟﻄﺒﺦ اﻟﻘآﺎﻧﺖ اﻟﺘﺮآﻴﺒﺔ اﻟﻜﻴﻤﻴﺎﺋﻴﺔ اﻟﻌﺎﻣﺔ ﻟﻸﻧﻮاع اﻟﺨﺸﺒﻴﺔ ﻗﻴﺪ اﻟﺪراﺳﺔ
ﺑﺎﺳﺘﺨﺪام ﻧﺴﺐ ﻣﻌﻘﻮﻟﺔ ﻣﻦ اﻟﻘﻠﻮي ﻟﺘﻌﻄﻲ ﻟﺐ ﺑﺈﻧﺘﺎﺟﻴﺔ ﻣﻘﺒﻮﻟﺔ ﺟﻴﺪة، وﻗﺪ وﺟﺪ أن هﺬﻩ اﻷﻧﻮاع ﺳﻬﻞ 
ﻟﻔﺘﺮة زﻣﻨﻴﺔ ﻗﺪرهﺎ ( ﻣﺤﺴﻮﺑﺔ آﺄآﺴﻴﺪ اﻟﺼﻮدﻳﻮم% )61-21ﻃﺒﺨﻬﺎ ﺑﺎﺳﺘﺨﺪام ﻧﺴﺒﺔ ﻗﻠﻮي ﺗﺮاوﺣﺖ ﺑﻴﻦ 
ن اﻟﻠﺐ اﻟﻨﺎﺗﺞ ﺑﻤﺘﺒﻘﻲ ﻗﻴﻤﺔ اﻟﻜﺎﺑﺎ أو م وآﺎ° 71 دﻗﻴﻘﺔ وﻓﻲ درﺟﺔ ﺣﺮارة ﻗﺼﻮى ﺑﻠﻐﺖ 021-09
ﻣﺤﺴﻮﺑﺔ ﻋﻠﻰ )ﻣﻦ ﻣﺎدة اﻷﻧﺜﺮاآﻴﻨﻮن % 31ز0اﻟﻤﺘﺒﻘﻲ اﻟﻠﻴﺠﻨﻴﻨﻲ ﻗﺎﺑﻞ ﻟﻠﺘﺒﻴﺾ أدت إﺿﺎﻓﺔ ﻣﺎ ﻧﺴﺒﺘﻪ 
IIIX 
وزادت إﻧﺘﺎﺟﻴﺔ اﻟﻠﺐ ﺑﻨﺴﺒﺔ % 3ز2-2إﻟﻰ ﺗﻘﻠﻴﻞ ﻧﺴﺒﺔ اﻟﻘﻠﻮي اﻟﻤﺴﺘﺨﺪم ب ( اﻟﻮزن اﻟﺠﺎف ﻟﻠﺨﺸﺐ
  .ﻟﻠﻘﻤﺒﻴﻞ% 2
ﻓﻲ أﺛﻨﺎء ﻋﻤﻠﻴﺔ اﻟﻄﺮق ( ﺔ ﻋﻠﻰ اﻟﻮزن اﻟﺠﺎف ﻟﻠﻠﺐﻣﺤﺴﻮﺑ%  )5.0اﻟﺼﻤﻎ اﻟﻌﺮﺑﻲ ﺑﻨﺴﺒﺔ أﺿﻴﻒ 
اﻟﻘﻮار )ووﺟﺪ أﻧﻪ ﻗﺪ ﺗﺤﺴﻨﺖ ﻗﻮة اﻻرﺗﺒﺎط ﺑﻴﻦ اﻷﻟﻴﺎف آﻤﺎ ﻗﺼﺮت ﻣﺪة اﻟﻄﺮق، إن إﺿﺎﻓﺔ اﻷﺻﻤﺎغ 
  .ﻗﺪ أدى ﻟﺘﻼﻓﻲ اﻟﻘﺼﻮر ﻓﻲ اﻟﻨﺎﺗﺞ ﻣﻦ إﺿﺎﻓﺔ ﻣﺎدة اﻷﻧﺜﺮاآﻴﻨﻮن ﻓﻲ ﻋﻤﻠﻴﺔ اﻟﻄﺒﺦ( واﻟﺼﻤﻎ اﻟﻌﺮﺑﻲ
ﻤﺴﺘﺨﻠﺺ ﻣﻦ ﺟﻤﻴﻊ اﻷﻧﻮاع ﻣﻦ اﻟﻤﻮاد اﻟﺨﺎم اﻟﺘﻲ درﺳﺖ ﺗﻌﻜﺲ ﺧﺼﺎﺋﺺ اﻟﻮرق اﻟﻤﻨﺘﺞ ﻣﻦ اﻟﻠﺐ اﻟ
   .ﻣﻼﺋﻤﺘﻬﺎ ﻟﺘﺼﻨﻴﻊ اﻟﻤﻨﺘﺠﺎت اﻟﻮرﻗﻴﺔ اﻟﺘﻲ ﻻ ﻳﺘﻄﻠﺐ اﺗﺼﺎﻓﻬﺎ ﺑﺎﻟﻘﻮة ﻓﻀﻼ ﻋﻦ ورق اﻟﻄﺒﺎﻋﺔ واﻟﻜﺘﺎﺑﺔ
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CHAPTER 1 
 
1.1 Introduction 
Sudan is largely dependent on the imports of pulp  and paper products. Out of the 
total paper consumption only 8% is locally produced . As the raw materials are 
available and suitable for pulp production, in the Sudan the need to establish local 
paper industry is important to meet the increasing cultural and industrial needs and 
to save the expenditure of foreign currency. 
 The introduction of pulp and paperboard industry in Sudan is not a new idea, yet 
there were few investments in this area undertaken by the private sector and only 
one mill for cardboard in Aroma was undertaken by government, which was shut 
down . The demand for paper  products in Sudan have grown rapidly since 1960 ( 
reached 60,465 M. Tin 1990 ).The average growth rate for paper and paperboard 
consumption was close to 6.6% and was expected to continue in growing at annual 
rate of about 7% in the next two decades (Gabir,1982). 
 Because of the shortage in domestic production, Sudan is heavily dependent on 
imports. The main source for the imports of paper products are Sweden, USA, 
Kenya and Germany (Taha,O.1990).The need for printing and packaging paper led 
to the establishment of about six packaging mills and many printing and publishing 
houses in Sudan. Several missions visited Sudan and some feasibility studies were 
prepared for establishing pulp and paper industry in the country .It seems that non 
acceptance of results of such studies lies in the high investment costs and lack 
confidence in the success of this trail based on the lack of experience and the 
capabilities in this industrial field (Gabir,1982 ). 
Wood as raw material has offered precious services to Man from prehistoric time, 
and has decisively contributed to his survival and to the development of 
civilization. Pulp can be produced today in many different yields depending on the 
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suitability of the various raw materials used and the various end products Basic  
density and pulp yield both depend upon many different wood properties, 
examples are fiber diameter, fiber wall thickness, and the proportion of non-fibrous 
cell types occurring in wood (Kerstens et al,2001).  
Knowledge of extractives content is very important. It will help to predict, to a 
certain extent, the suitability of various species for different uses. Different 
methods used to extract these extractives from wood as cold water, hot water and 
1% Sodium hydroxide. Wood extractives cause various problems during 
papermaking such as color of paper, they can contribute to corrosion of metals in 
contacts with wood, present health hazard and inhibit setting of glues and finishes 
color of wood . 
Cellulose Chemistry and Technology Research Unit (recently renamed Cellulose 
and Chemical Technology of the National Center for Research – NCR), was 
established in 1980 and the main objective of it was conducting research work on 
various types of local fibrous raw materials (Gabir and Kristova, 1983, Gabir et al. 
1990, Kristova and Gabir, 1990, and Kristova and Tissot, 1995); natural grown 
plants as papyrus and bamboo (Kristov and Kristova, 1973, 1974, 1977, 1978/1879 
and 1988); Kristov and Kristova 1974, Kristova et al. 1981/1982 and Kristova and 
Gabir, 1983, on woody fibrous material (Kristova and Gabir, 1984; Kristova et al. 
1989; Kristova et al. 1990; Kristova et al. 1992; Kristova, 1995) to evaluate their 
suitability for pulp production. 
As continuation of the previous projects the present study deals with evaluation of 
some indigenous hardwood species (Cordia african, Crateva adansonii, 
Combretum glutinosum, Sclerocaryaa birrea and Terminalia brownii) for their 
suitability  as fibrous raw material in pulp and paper industry.  
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1.2 Problems statement 
- The five wood species were selected from Upper Nile State for the following 
reasons :   
- The availability of the woody species . 
- The study area is widely sustainable for the plantation of the wood species . 
1.3 Objectives of the study 
1.3.1 General objective 
- To continue the search for suitable raw materials and appropriate pulping 
conditions for the development of pulp and paper industry in the Sudan .  
 1.3.2 Specific objectives  
     -  To study some physical and chemical properties as well as fiber 
characteristics of five local wood species form Upper Nile State .                  
     -  To evaluate the quality of pulp and paper produced from these wood species 
to decide on their suitability for paper industry .                                               
    -    To study any interrelationships between pulp and paper properties and the 
above mentioned woods .                                                                                   
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CHAPTER 2 
LITERATURE REVEW 
 
2.1 The Structure of Wood 
Woody, and the trees that produce it, are divided into two categories hardwoods 
and softwoods. The terms hardwood and softwood instead if indicating the 
hardness and softness of wood, are simply popular descriptive names indicating 
that hardwoods are produced by trees of broad leaves while softwood come from 
conifers (Carlquist, et al 2001). 
The basic elements of softwoods are the tracheids, which occupy up to 95% of the 
total volume of the wood of the trunk.  The tracheids give the timber its 
mechanical strength. The other structural elements are modularly rays, which in 
softwoods occupy about 7% and in hardwoods 18% of the total volume. 
A characteristic feature of the structure of hardwoods is the presence of water 
carrying cells the vessels and cells of libriform (wood) fibers; the latter occupies up 
to 75% of the entire volume of the timber. They have thick walls and import 
strength to the trunk (Kukachka,B.F.1981.). 
The trunk which is the main part of the tree is composed of three parts, the xylem 
or wood, the cambium, and the bark as shown in Figure 1. 
In the core of the wood is the pith, and in older trunks the wood is denser structure 
in the inner parts, the heartwood, than in the outer sapwood. Cambium is a thin, 
green layer of growing cells between the bark and the wood. The bark is composed 
of a white, inner bark called phloem or the past zone, and a darker, outer bark of 
cork.. The anatomical units of the multicellular  plant body, the cell are associated 
in various ways with each other , forming coherent masses, or tissues .Such units 
may be called tissues (Kukachka,B.F.1981.). 
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The body of the vascular plants may be pictured as composed of three systems of 
tissues ,the dermal , the vascular and the fundamental or ground tissue system .The 
dermal system forms the outer protective covering of the plant (the epidermis) . 
The vascular system is composed of the two principal conducting tissues ,the 
phloem and the xylem. Whereas the system of fundamental tissue includes all 
tissues other than dermal and vascular (Kukachka,B.F.1981.). 
 
Figure1. Gross anatomical feature of wood (  Last modified : October 28,2004 ). 
 
In climate where temperature limits tree growth to the summer months, each year’s 
growth increment is usually readily distinguished as annual rings. 
In tropical climate, growth is more or less continuous but concentric demarcations 
still occurs as a result of fluctuation in growth activity; such demarcation should 
not be confused with annual rings, (Carlquist, et al 2001). 
Growth 
i  i  
   Vessels  
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Outer bark 
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l  
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In many trees, cells formed in the spring (spring wood), when the growth is most 
active, are comparatively large and thin-walled, whereas those formed later in the 
year (summer- wood) are smaller and relatively thick-walled. The fast growth area 
constitutes the spring wood, and the slower growth the summer wood. As the tree 
increases in age and size an increasing portion of the cells form the center of the 
tree inner wood (heartwood) cease to function, except as mechanical support. 
The outer layers of growth (sapwood) contain the only living elements of the 
wood. Sapwood is lighter in color and stronger than heartwood, but not so resistant 
to decay. There are four main elements, parenchyma cells, fibers, tracheids and 
vessel elements, which together make it possible for the wood to fulfill its three 
main functions, which are conduction, storage, and support.  
The parenchyma cells serve as storage and transport cells for food and water. The 
tracheids and vessels function as water conductors. Tracheids also give mechanical 
support to the structure. There are several forms of gradation between libriform 
fibers, which have only mechanical functions, and the tracheids, which have 
developed conductive functions. The intermediate elements are called fiber 
tracheids (Carlquist, et al 2001). 
All woods contain parenchyma cells, but need not contain all the other types of 
structural elements. In softwood the tracheids dominate, with few if any libriform 
fibers and no vessels, whereas tracheids are scare in hardwoods, and corresponding 
functions instead are performed by the more specialized libiform fibers and vessels 
(Carlquist, et al 2001). 
The most distinctive feature characterizing the wood in the existence of two 
systems of elements which differ in the orientation of their longitudinal axis .One 
system is vertical and the other is horizontal. The horizontal system comprises the 
xylem rays, and the vertical or axial system includes the vascular elements, fibers 
and wood parenchyma . 
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The structural elements and features of wood are specified with respect to three 
planes, as cross or transverse, radial and tangential (Langenhelm, et al 1982). The 
cross-section or transverse section is exposed when wood is cut at right angles to 
the grain or longitudinal axis. The end grain is visible in this plane. The radial and 
tangential surfaces (sections) of the wood are right angle to the transverse surface, 
i.e. they extend along the grain figure 2. (Langenhelm, et al 1982). 
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Figure 2: three-dimensional direction of cube secondary xylem of Hardwood  
                  species  ( Adapted from Koch, Peter. 1985 )  
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Radial section  
Tangential section  
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2.1.1 Hardwood Anatomy 
The wood formed by hardwood is much different than that produced by softwoods 
which have a uniform arrangement of a few types and therefore are often without a 
distinctive appearance. Hardwoods are composed of elements that vary in sizes, 
shape, types and arrangement, e.g., vessel members, tracheids, fiber tracheids, 
libiform fiber, gelatinous fibers, wood parenchyma, and rays of different size. 
However, there are some trees in which the wood is composed of a smaller number 
of element types (Gegory , M. 1994). 
Fiber tracheids, the term fiber is often used in general to refer to all wood cells 
isolated in pulping processes; they are long, tapered and thick-walled cells of 
hardwoods xylem. Hardwood fibers have an average length of less than 1 mm. this 
fact explains why softwood (fiber) tracheids (average length 3-4 mm) are often 
preferred as important determinant of paper strength.Thus long fibers are necessary 
ingredient of Kraft paper used for unbleached paper products such as corrugated 
cartons and grocery bags. Fibers are most highly specialized as supporting 
elements in those woods that have the most specialized vessel members (Gegory , 
M. 1994). Density, and thus strength, of hardwoods is therefore related to the 
porportion of wood volume occupied by fibers relative to that accounted for by 
vessels. A variation of the fibers, known as a libriform fiber, is marked by simple, 
rather than bordered pits. Fibers and vessels are seldom connected by pit pairs. 
Longitudinal cells vary considerably in size and general configuration. All  these 
different cell types can be produced by a single fusiform initial in the cambium. 
Newly produced cells appear quite similar. The differences between types develop 
during the process of cells maturation. 
Vessel elements of hardwoods serve as specialized conducting cells. The vessel 
elements are shorter but larger in diameter. After maturation process vessels may 
become even shorter than cambial initials form which they were produced (Jane et 
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al. 1970). Both size and arrangement of pores are used to classify hardwoods for 
purposes of identification. 
Tyloses, are out growths of parenchyma cells into the hollow lumens of vessels. 
They commonly form in many hardwoods as a result of wounds and effectively act 
to prevent water loss from the area around the damaged tissue (Zimmermann, 
1983). Several studies have indicated that a special membrane like meristematic 
layer forms in parenchyma cells. This layer, known as the protective layer, is 
believed to actually form tyloses (Alden,H.A.1995). Pits may even form where one 
tyloses contacts another (Alden,H.A.1995). 
2.1.2The Cell Wall Organization 
One of the most important distinguishing features of plant cells is the presence of 
cell walls. The relative rigidity of the cell wall renders plants sedentary. 
The cell wall largely determines the shape of the cell and the texture of the tissue 
(Salmẽn 2000). Cell walls are significantly thicker than plasma membranes and 
have supportive and protective functions, both as components of living cells and as 
remainders of no longer living cells. They assist the aerial parts of land plants in 
with standing the stress of the force of gravity and protect them from desiccation. 
They play an important role in such activities as absorption, transpiration, 
translocation, and secretion (Kerstens et al,2001). 
On the basis of the development and structure of plant tissues it is possible to 
distinguish between the following principal three layers in the cell wall, the middle 
lamella or the intercellular substance, the primary cell wall, and the secondary cell 
wall. The middle lamella is the cement that holds the individual cells together to 
form the tissues and accordingly, it is found between the primary walls of 
neighboring cells as shown in figure 3. It consists of colloidal rather than is 
optically inactive (isotropic). The primary wall is the first true cell wall which 
develops on the new cell. This wall is optically active (anisotropic).  
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The secondary wall is formed on the inner surface of the primary wall; it begins to 
develop in cells, or part of them that have ceased to grow.  
In the majority of the tracheids and fibers thee layers of secondary wall are formed 
the outer layer (s1), central layer (S2), and inner layer (S3). The central layer is 
usually the thickest, in some cells, however, the number of layers may be more 
than three.  (Meier, 1957) used the term tertiary wall or tertiary layer for the inner 
layer of the secondary wall. 
According to (Kerstens et al, 2001)an inner most layer with a chemical 
composition different from that of the secondary wall may be present in addition to 
inner layer of the secondary wall. The bulk of the secondary wall is made by the S2 
layer where the microfibrils angle is relatively small (5º-20 º). These contribute 
significantly to the high strength properties of wood parallel to grain (tensile and 
compression). 
The S3 layer is similar to S1 (0.1- 0.2 mm) with 60 º- 90 º sub lamella angle. 
 
Secondary wall 
inner layer (S3) 
Secondary wall 
middle layer 
Secondary 
wall outer 
Primary wall P 
Intercellular 
substance  
Figure 3: the cell wall of hardwoods (Adapted from  Koch,Peter.     
1985.) 
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2.1.3 Fiber Morphology and Classification  
Fibers are present in hardwoods they are long and narrow cells with a general 
resemblance to late wood tracheids but with closed ends which may be pointed, 
forked or equipped with dentations. They are oriented vertically in stem, parallel to 
its long axis and support stem (Tsoumis, 1969, and McMillin and Manwiller, 
1980). They tend to be rounded in cross section as compared the nearly rectangular 
shape of softwood tracheids (Haygreen and Bowyer, 1989). 
The percentage of fibers in hardwood may reach 50% or more of the total wood 
volume (Tsoumis, 1964 and McMIllin and Manwiller, 1986). Their length varies 
between species, diameter range from about 0.01 to 0.05 mm. the wall may be 
thicker or thin, and the lumen narrow or large (Tsoumis, 1969). From the stand 
point of hardwood utilization, fiber give strength to solid products and are the 
principal component of paper and other products derived from pulp (McMillin and 
Manwiller, 1980). Fiber length has an effect upon a number of pulp and paper 
properties, including tear resistanced and tensile, fold, and burst strength. In most 
cases, lengths are desirable (Haygreen and Bowyer, 1989). 
According to their position in plant body, fibers are classified into two basic types: 
i- Xylem fibers 
ii- Extra xylery fibers 
The term fiber, as designates any type of wood cell that is retained in the wood 
pulp. The majority of these cells are tracheids in the case of softwood and the 
fibrous cells, i.e., libiform fibers, fiber tracheids and some of the longer vessels 
elements in the case of hardwoods (Panshin and Dezeeuw, 1980). 
It has been shown by numerous investigators that the characteristics of the wood 
pulp and products made of it are determined by the properties of the wood, used as 
a raw material, and by morphology and chemistry of the wood cells, as well as by 
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the processes employed in separating wood into its component cells and in 
converting the resulting pulp-mass into finished products. 
In considering wood as a source of fiber, two factors must be taken into account: 
yield of fiber per given volume or weight of wood, and the quality of the resulting 
fiber. The latter is mainly a result of the morphological features of the individual 
fibers and the modification brought about in them by the method of conversion. 
The principle factors which controlled the characteristics of the paper, such as its 
strength, density, porosity, surface qualities, etc., are: 
• Properties of the individual fibers, especially strength. 
• The distribution and the form of the fiber, i.e., whether the fibers are straight 
or curved within the sheet of paper, and 
• The ability of the adjacent fibers surfaces to form a strong bond with each 
another (Panshin and DeZeeuw, 1980). 
Three variables are considered to be of importance in the physical characteristics 
of pulp and paper. These are fiber density, fiber length, and fiber strength (Panshin 
and DeZeeuw, 1980). Fiber density has a positive effect on the yield of the pulp. 
This is expressed either as thickness of the cell wall or as the ratio of the wall 
thickness to cell diameter it is one of the most important factors influencing the 
characteristics of the resulting pulp and paper. 
Thick-walled cells resist the compacting forces and tend to maintain their original 
cross-sectional shape. This results in opaque, cause and bulky paper, with high 
resistance to tear. However, other strength properties associated with fiber bonding 
are appreciably reduced and the reverse is true in case of thin-walled cells (Panshin 
and DeZeeuw, 1980). 
Cross-sectional morphology can be broken into radial and tangential cell wall 
thickness and lumen diameter. Each of these parameters could be considered 
relative to others, like Runkel,s ratio, which is based on the ratio of twice the cell 
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wall thickness divided by the lumen diameter. In general, fibers with high Runkel,s 
ratio are stiffer, less flexible and form bulkier paper of low bonded area than low 
Runkel,s ratio fibers (Khristova, 1990). This effect is related to the degree of fiber 
collapse during paper drying as mentioned above with fiber density. 
Also the ratio between fiber length and its width, affects paper properties. 
However, fiber length is important in so far as a minimum length is required to 
provide sufficient bonding surface to spread the stresses evenly over the entire area 
of the sheet. Also papers consisting of short fibers will have more free ends and 
therefore will after less resistance to pulping apart. Also it must be recognized that 
the length of fiber in the paper is not the original length of the cells in the tree but 
the length remaining often completion of the various chemical and physical 
treatments to which wood and its fibers (pulp) are subjected in the course of pulp 
and paper making (Panshin and DeZeeuw, 1980).  
Coarseness of fibers (weight per unit length of fiber expressed as milligrams per 
100 m and called decigram) has an important effect on many properties of paper. 
In the past, the average width of the fibers has been used for measuring this 
characteristic. Measuring the decigram has several advantages over measuring 
width since it is not only much easier and quicker, but includes also the effect of 
fiber thickness, and size of the lumen, and the density of the cellulosic material 
composing the fibers (TAPPIT 234su-67, 1978).  
The maximum strength of paper is dependent on the average strength of the 
individual fibers in the sheet of paper (Panshin and DeZeeuw, 1980). 
2.2 Chemical Composition of Wood 
 Wood is composed of complex aggregate compounds which may be divided into 
two major groups; or those which make up the cell wall structure, and all other 
substances, which are commonly called “extractives” or infiltrated materials. 
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The principal organic components of wood are cellulose, hemicelluloses and 
lignin. All of these form large, complex molecules which are closely associated 
with one another, and may even be chemically combined in the wood (Rowell, 
2005). 
Cellulose is the most abundant, comprising about 50% of the wood substance. 
Lignin comprises from 20-30% of the wood structure, is the cementing agent 
which binds the individual wood fibers together to form a substance of strength 
and rigidity. In addition to cellulose and lignin, wood contains a small amount of 
mineral matter. These minerals, known as Ash forming minerals, they are left as 
ash when the cellulose and lignin are burnt (principally Calcium, Potassium, 
Magnesium, manganese, and Silica). The extractives are not part of the wood 
structure as such, but they contribute such properties as color, odor, taste and 
resistance to decay. They include tannins, starches, oils, resins, acids, fats and 
waxes. They are found within hollow portions of the wood cells, and can be 
removed from the wood by neutral solvents such as water, alcohol benzol, acetone 
and ether. 
 2. 2. 1 Distribution of chemical Components in the Cell Wall  
The main chemical components of the plant cell wall include cellulose, a complex 
carbohydrate made up of several glucose molecules linked end to end. In addition, 
the cell wall contains two group branched polysaccharides; the pectins and cross-
linking glycans increase the nets of the cellulose, whereas the coextensive network 
of pectin provides the cell wall. The hemicelluloses interact through hydrogen 
bonding with the cellulose and have been implicated in the aggregation of 
elementary fibrils into microfibriles. 
Hemicelluloses chemically linked to lignin macromolecules and thus fulfill a 
particularly important function in maintaining cohesion among the architectural 
building materials of the wood cell wall. The long standing view is that lignin is 
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deposited between microfibriles during and after the wall thickening process. A 
more recent view (Akerholm M. et al 2001) is that lignin is placed in a lamella 
configuration between the microfibriles; it appears to occupy its allocated space in 
the form of undulating two-dimensional sheets with thickness of 16-20 Aº. 
Although the precise nature of lignin continues to elude research it is known that 
the aromatic rings tend to lie parallel to one another within the wood cell wall. The 
secondary layer of the wood cell wall is viewed as a laminated filamentary 
composite shown in (Fig 5). 
The chemical components of the cell wall are not uniformly distributed throughout 
the cell wall. Bailey in 1936, determined that for wood a total lignin content of 30-
40% on a dry-weight basis, 71% of the lignin and 14% of pentosans were 
associated with the compound middle lamella (middle lamella and primary walls) 
Panshin and DeZeewu, 1980). On the other hand Tsoumis, 1968, stated that there 
is no cellulose in the middle lamella and the primary wall which is originally 
mostly cellulose acquires large deposit of lignin during the process of 
lignifications. 
The greatest concentration of lignin is in the compound middle lamella and that it 
decreases in the secondary wall layers: S2 contains 18-25% lignin and S3 from 11-
18% (Figure 5). In spite of the concentration of the lignin in the compound middle 
lamella, only about 10% of the total lignin is concentrated in this region. The 
percentage of cellulose and other polysaccharides in the wall layers have been 
determined for a number of species (Figure 5). It is apparent that less than 10% of 
the primary wall is cellulose, in the S2 layer cellulose increases to more than 50% 
of the material in that cell wall layer, a reduction in amount of cellulose is evident 
in the S3. In the S3, in general it can be seen that the lignin content is inversely 
related to that of total polysaccharides. The two components of the layer, i.e., 
cellulose and hemicelluloses tend to vary more or less directly. 
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Figure 4: distribution of organic components within various cell wall layers of 
hardwood.(Panshin and dezeewu,(1980)}.P.107 
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2. 2. 2 The Main Wood Components  
The woody tissue has in general a characteristic composition. The main 
components are present in all woods, although the properties depend to some 
degree upon the species, small variations are found from tree to tree and in the 
different parts of the same tree. The kind and amounts of certain minor 
components are determined to a great extent by the species. 
The greater part of wood is made up of polysaccharides. The main component is 
cellulose, which constitutes approximately one-half of the wood substance and is 
distinguished from the other polysaccharides in that it yields only D-glucose upon 
hydrolysis. Cellulose is always accompanied by other polysaccharides commonly 
called the hemicelluloses that yield upon hydrolysis the hexses like Dmannose, D-
galactose, and D-glucose and the pentose D-xyluse and L-arabinose. Uronic 
anhydridesgroups are characteristically components of the hemicelluloses, and 
comprise a hydrogluronic (mainly as the monomethyl ether) or a hydrogalacturonic 
acid, lignin, extraneous components. 
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2.2. 2. 1 Cellulose   
Cellulose is the main constituent of the fibrous parts, the most widely spread 
natural polymer, which serves as structural support, and is the main contributor to 
chemical wood utilization (manufacture of paper, rayon, explosives and plastics). 
The physical organization of the cell wall is based on cellulose (Rowell,et al 2005). 
Cellulose is largely crystalline or paracrystaline. The elementary unit of cellulose 
is anhydro-D-Glucose C6H10O5, which is evident by the fact that 96-98% of D-
glucose is obtained from cellulose hydrolysis (Rowell,et al 2005). 
(C6H10O5) n + nH2O                n (C6H12O6) 
There are three (one primary and two secondary) hydroxyl groups capable of 
reacting. 
It was fairly proven that the cellulose molecules contained one type only of 
linkage, namely 1, 4-ß-D-glacosidic bonds, between the anhydroglucose 
monomers.  
Glucose anhydrides in the chain are arranged in a helical line. Each of them is 
turned through 180º in relation to the adjacent one. 
Thus, identical residues are arranged alternatively and in the chain it is possible to 
distinguish groups of cellulose formed by two adjacent glucose residues. Thus 
arrangement is formed by X-ray photographs.  
 
            H           OH              OH                               H         OH   
HO        OH         H        H   H     H              O          OH    H             H 
 H          H                        O         OH       H          H    H        H            OH 
               
CH2OH                          H          OH              n-2    CH2OH 
Non-reducing end group      Reducing end group 
Figure 6. Cellulose molecule (Rowell 2005). 
4 1 4 1 4 1 
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 21
The end units of the cellulose macromolecule chain differ somewhat in 
composition from the middle glucose units C6H10O5 of the units, C6H11O6, has an 
aldehyde group. The other unit, C6H11O5, contains four hydroxyls (Rowell,et al 
2005). 
Data employing a mild sulphite pulping, or especially direct nitration of the wood, 
which gives the least degraded cellulose, showed that average degree of 
polymerization (DP), was of about 4000-5000 for both softwood and hardwood 
cellulose. Similar or even higher values have been obtained for carbon, ramie and 
wood cellulose employing slight different method. However, there is an indication 
that heartwood may be some what lower in DP than sapwood, and also vessel 
cellulose than libriform fibers. A lower DP of cellulose of primary wall than that of 
secondary wall has also been indicated (Rowell,et al 2005). 
The net reaction for the formation of the hexose molecule from carbon dioxide and 
water is: 
6CO2 + 6H2O            C6H12O6 + 6O2 
Through the complicated mechanism of photosynthesis of carbohydrates which 
takes place in the leaves and needles of the tree. Cellulose is formed in the very 
place it is deposited. 
The isolation of cellulose from wood is to carry out a selective delignification in 
which resin is extracted from finely divided wood by organic solvent. Lignin is 
removed by oxidation with chlorine, acidified or chlorine dioxide, and finally the 
hemicelluloses are extracted by alkali. Another method of isolation of wood 
cellulose by direct nitration of wood and extraction of cellulose nitrate by suitable 
solvent. The industrial preparation methods are known as pulping processes. 
The reactivity of cellulose is influenced by its super-molecular structure and is 
determined by its molecular constitution. Like all carbohydrates, the cellulose, 
molecule is capable of reaction at its hydroxyl and acetal groups, as well as the 
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aldehylic end group.And as the cellulose macromolecule is very long and contains 
30000-45000 functional alcohol groups, the appearance of two new functional 
group at the end of the chain does not influence the chemical properties of 
cellulose which are mainly dependent on the functional groups in the middle 
portion of  the  molecule. 
In general, the reactivity of the hydroxyl group varies in different reaction. For 
instance, the reactivity of OH group in the X-position relative to the glucosidic 
linkage is greater towards an alkalis and oxidizing agents. The two secondary 
hydroxyls, at the second and third carbon atoms, differ somewhat in their 
reactivity. The primary hydroxyl of cellulose elementary units is responsible for 
the storability and dye ability of cellulose materials, as well as their capacity for 
association in solution (Rowell,et al 2005). 
The hydroxyl groups react with addition, substitution and oxidation agents and the 
acetal groups undergo hydrolysis in the acid as well as in alkaline medium. The 
aldehydic end groups can be reduced to alcohol groups, oxidized to carboxyl 
groups or rearranged under the influence of alkali to form either alcohol or 
carboxyl end groups. Redox and rearrangement reactions all influence hydrolysis 
of the glucosidic bonds so treated as chemical degradation reactions. 
Rowell et all. 2005) summarized the action of physical and chemical agents on 
cellulose to be as follows: 
a- Temperature  
The thermal stability of cellulose is very limited and depends on time. Prolonged 
heating even at a temperature of 100ºC impairs the swelling properties of the fiber 
and consequently its dyeabililty. Cellulose with stands short-term heating at a 
temperature of 180º-200º but above 275ºC intensive decomposition of cellulose 
takes place with the formation of liquid and gaseous products of different 
composition. At 400º-500ºC a hard residue (carbon) remains. 
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b- Behavior of cellulose in water and organic solvents 
Not withstanding the great number of hydroxyl groups, which are hydrophilic in 
nature, cellulose is not soluble in water, which is probably due to the presence of 
hydrogen and Vander Waal’s inter molecular bonds, and is capable only of limited 
swelling. The fiber strength is reduced by prolonged steam with formation of 
oxycellulose. Cellulose is not soluble in any of the usual organic solvents, such as 
alcohol, ether benzene and petroleum ether. The treatment of fibers with certain 
organic solvents, however considerably increase the reactivity of cellulose. 
c- Action of acids 
The glucosidic linkage of cellulose, molecules are highly unresistant to the action 
of mineral acids and are readily hydrolyzed, i.e., they break up, combining with 
water which results in disintegration of macromolecules with different rates. The 
hydrolysis equation may be written as follows: 
(C6H10O5) n + nH2O                   nC6H12O6  
The intermediate product of hydrolysis is called hydrocellulose. Oliqosaccharides 
with polymerization factor from 2 to 6 and cellodextrins with polymerization factor 
from 7 to 60 have been the hydrolytic action of acids which depend on their nature, 
and in a large measure on the temperature. 
d- Action of salt solutions  
Solutions of acids salts (aluminum chloride or magnesium chloride) have the some 
effect on cellulose as acid. The ammonical solution of copper oxide, the 
coppriamminohydrate {Cu (NH3)} (OH) 2, is the specific solvent for cellulose. This 
gives cuprammunium cellulose which is very sensitive to atmospheric oxygen and 
is used for manufacturing artificial cuprammonium fibers. 
e- Action of alkalis 
It is characteristic of the glucosidic linkage of cellulose molecule that it is resistant 
to alkalis. At normal temperature weak solutions of caustic soda have no effect on 
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cellulose. But on boiling in 1% solution of caustic soda, a small part of cellulose 
passes into solution. As the alkali concentration increases, the cellulose solubility 
becomes considerably higher. The action of alkali solutions on cellulose is 
particularly pronounced in air, where caustic soda promotes cellulose oxidation by 
atmospheric oxygen and cellulose is transferred to oxycellulose. In concentrated 
solutions of caustic soda (over 10%) at normal temperatures, the fibers swell, 
become elastic, and contract in length forming alkalicellulose. Other alkalis 
exercise the some action as sodium hydroxide. 
f- Action of reducing and oxidizing agents 
Reducing agents have no effect on cellulose, while oxidizing agents readily 
convert it to oxycellulose.  
g- Effect of light and atmospheric conditions 
Under the action of light, cellulose is oxidized by atmospheric oxygen, and due to 
photo-oxidation cellulose is formed resulting in reduction of cellulose strength. 
Photo-oxidation depends on the wave length, humidity and temperature of the 
medium, and the structure of the material. 
h- Effect microorganism  
If the moisture content in fibers is over 9% and the relative humidity is over 75-
85%, some bacteria and mildew fungi cause cellulose decay. 
2. 2. 2. 2. Hemicelluloses  
 The hemicelluloses are mixtures of polysaccharides. Synthesized in wood almost 
entirely from glucose, mannose, galactose, xylose, arabinose, 4-O-methyl 
glucuronic acid, and galacturonic acid residues, and most are branched. 
The hemicelluloses of hardwoods are usually present in greater amounts than these 
of softwoods; hemicelluloses are the most hygroscopic of the major cell wall 
constituents.They are located through out the cell wall, as well as in the middle 
lamella, but predominantly in the other parts of the cell wall. They are intimated 
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associated with cellulose and appear to contribute as a structural component in the 
plant. 
Hemicelluloses yield upon hydrolysis the hexoses like, D-mannose, D-galactose, 
and D-glucose, and the pentose D-xylose and L-arabinose. Uronic anhydride 
groups are characteristically components of the hemicelluloses. Pentosan content 
in pulp indicates the retention or of hemicelluloses in general during pulping and 
bleaching processes, and since hemicelluloses contribute to the strength of paper 
pulps, high pentosans content is desirable. In dissolving pulps, particularly acetate 
pulps; pentosan content is kept low (TAPPI T19m-50). Hemicelluloses in situ are 
probably largely amorphous in character but some tend to crystallize upon 
chemical modification and isolation (Rowell 2005). 
The hemicelluloses are isolated from wood by alkali extraction and only in 
exceptional cases water extraction yields substantial   quantities. In case of 
hardwoods, alkali extraction of a considerable portion of hemicelluloses can be 
successfully carried out directly without previous delignification. The isolated 
mixture of polysaccharides after delignification is called holocellulose (Wise et al. 
1945). Alkali extraction of holocellulose then gives the main part of 
hemicelluloses. Lower alkali concentrations remove fractions enriched on xylan, 
whereas glucomannan predominates in successive extraction with stronger lye. 
As hemicelluloses are structurally related to the cellulose, their reactions are also 
similar. Like cellulose the hemicelluloses form addition compounds at their 
hydroxyl which can be substituted to ester and ether groups, can undergo oxidation 
to keto-and aldo- compounds which are degraded by alkali already in cold, 
whereas further oxidation eventually leads to alkali-soluble carboxyl-containing 
compounds. Hot alkali extraction starts at the aldehyic end groups or at oxidized 
group along the chain, and proceeds as a peeling reaction. At especially high 
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temperature, alkaline hydrolysis of glucosidic bonds occurs producing a new 
starting-point of alkaline peeling. 
Rearrangement during cooking produce alkali-stable carboxyl end group. In acid 
medium, hydrolytic degradation at the glycosidic bonds is dominating reaction. 
Therefore, the conditions chosen for the pulping processes in many respects could 
consider the carbohydrate reactions as a whole and contrast them with the 
reactivity of lignin in order to achieve a selective delignification which leaves a 
proper pulp where the entire carbohydrate fraction is left undamaged to the highest 
possible extent. 
However, there are important difference in spite of the similar pattern of reaction 
of cellulose and hemicelluloses, and on these differences depend not only methods 
of modifying the paper pulp properties, but also the principles of dissolving pulp 
manufacture, where selective removal of hemicelluloses is desired to leave a 
relatively pure and not too degraded cellulose. The oxidation and degradations 
reactions will hit the hemicelluloses much more easily than cellulose due to the 
amorphous nature of the forms and crystalline one of the latter. 
Some chemical differences also give rise to varying reactivity. There are also 
certain differences of reactivity in substitution. Some of these differences may be 
of physical rather than of chemical nature. The greater accessibility to water of the 
amorphous hemicelluloses in mildly isolated pulp fibers causes a higher tendency 
of these pulps to water retention and swelling (Rowell, 2005). 
2. 2. 2. 3. Lignin  
Lignin is an important component of all woods, and represents what has been 
called the “incrusting material”. It is insoluble in common solvents and is 
distinguished from the polysaccharides by its resistance to hydrolysis by acids, and 
by its relatively greater reactivity with oxidizing and other reagents. 
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Lignin as the “incrusting material” forms part of the cell wall and middle lamella 
in wood. It is an aromatic, amorphous substance containing phenolic methoxyl, 
hydroxyl, and other functional groups. Its chemical structure has not been fully 
elucidating (Fig 8). 
Wood contains from about 20 to 30% lignin. Removal  of lignin is a main 
objective of pulping and bleaching processes. Determination of lignin content in 
wood and pulps provides information for evaluation and application of the process. 
Hardness, bleach ability and other pulp properties, such as color, are also 
associated with the lignin content. 
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 Figure 7: building blocks of lignin 
The presence of lignin can be recognized by staining tests, ultraviolet absorption, 
and chemical analysis.The picture of its distribution in hardwoods and softwoods 
has been built up using these techniques (King and Laidlaw, 1970). 
The method of acid-insoluble lignin separation from wood and all grades of 
unbleached pulp requires that the carbohydrates in wood are hydrolyzed and 
solublized by 72% sulfuric acid; the acid-insoluble lignin is filtered off, dried and 
weighed. 
In softwoods and in sulfate pulps, the amount of soluble lignin is small, about 0.2 
to 0.5%. In hardwoods, non-wood fiber and bleached pulps, the content of soluble 
lignin could amount to about one half or more of the total lignin content. 
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The total lignin content of pulps can be estimated fairly closely by rapid, indirect 
methods based on chlorination of the lignin (TAPPI T253) “hypo number of pulp”, 
the method with drawn in 1998 or oxidation of the lignin (TAPPI T236) “kappa 
number of pulp”. 
 2. 2.2. 4 The extraneous components of wood 
The extraneous components are extra partial substances which are not considered 
as essential structural part of the cell wall or the middle lamella. Many of the 
extraneous components are readily soluble in neutral organic solvents or cold 
water. These are called extractives, (ATPPI T207 om-93). Some other extraneous 
components, such as proteins, inorganic materials, and salts of organic acids, are 
partially or wholly insoluble in solvents used to remove the extractives. 
The extractive compounds comprise an extraordinary diversity of compounds and 
their proportions vary widely and some of them are found in significant quantities 
in only a few species or genera. The occur in bark, leaves, and needles, twigs, 
exudates, flowers, fruits, and seeds, and often the amount are much greater than 
these found in wood. In most tree species the extractives are found principally in 
the heartwood and are only present in smaller amount in the sapwood. In many 
timbers the heartwood is distinguished from sapwood by its darker color and 
greater resistance to decay. 
The extractives have been classified as materials which are: 
1- Volatile with steam. 
2- Soluble in ethyl, ether. 
3-  Soluble in ethyl alcohol, and 
4- Soluble in water. 
Material volatile with steam: the volatile components of wood consist mainly of 
substances that are collectively called volatile oils or essential oils. They are 
present in significant amounts in the xylem of many gymenosperms and some 
 29
angiosperms. Volatile oils can be obtained either by direct distillation of the wood, 
or by steam distillation of solvent extract of the wood, (TAPPI T264 om-97). 
Extractives soluble inorganic solvents: include, resins and fatty acids and their 
esters, waxes, unsaponifiable substances, coloring matters. A single solvent may be 
selected, if it is capable of removing the desired extractives from the material being 
examined. Alternatively a series of extraction may be chosen, in order to assure 
maximum removal and to achieve some preliminary separation of the extractive 
components, (ATPPI T207 om-93). Common solvents are petroleum ether, ethyl 
ether, carbotetra chloride, ethylene dichloride, 95% ethanol, benzene and benzene 
ethanol (2/1 v/v, the constant boiling mixture), cyclohexene. 
Extractives soluble in water: the cold-water soluble materials in wood include 
inorganic salts, gums, sugar, polysaccharides, cycloses and cyclitols, coloring 
matter, tannins. The hot water procedure removes, in addition, starches. Some of 
the materials soluble on water are more or less soluble in many organic solvents. 
Consequently, the extracts soluble in organic solvents may contain a considerable 
fraction that is also soluble in water, (ATPPI T207 om-93). 
2. 3 Pulping  
Pulping is the separation of fibers in the lignocelluloses material while retaining as 
far as possible their form and strength. The primary differences among the various 
paper manufacturing processes is the method used to break the wood into fibers, 
through mechanical, chemical, heat-energy, or combinations of these processes 
employed to accomplish pulping. The form of energy used determines to a large 
extent both pulp yield and pulp properties. To achieve these processes in the most 
economic way, a large number of pulping processes have been worked out each 
suited to a special end use (Myers, G.C.; et al 1997). 
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2. 3. 1 Pulping processes classification  
In principal, there are two ways of fiberizing, mechanical and chemical pulping. In 
the later, substances in the middle lamella are chemically dissolved to an extend 
that makes fibrizing possible without mechanical treatment with more elaborate 
machinery. 
The chemical pulping in this type, chemicals are used to achieve fiber separation. 
Wood chips are placed in a chemical solution (cooking liquor) and heated in a 
pressurized vat (digester). This process results in low yields as compared to other 
pulping methods, varying from 40-55% depending upon the severity of the pulping 
and bleaching processes. 
  Mechanical pulping gives very high yields (95% pulp,) but causes rupture to the 
fiber walls on fibrizing and gives pulp which contain substances of little value for 
many purposes. Processes which involve both chemical and elaborated mechanical 
treatment have been called semi-chemical processes. The border line between 
mechanical and semi-chemical pulping depends on the definition of physical and 
chemical softening of the inter fiber bonds, and that between semi-chemical and 
chemical pulping depends on what is understood by elaborate mechanical 
machinery for fiber separation (Myers, G.C.; et al 1997). 
The mechanical pulping processes produce 24.5% of the whole pulp. They use 
softwoods (Spruce, Firs, and Hemlock), temperate tropical hardwoods (Aspen, 
Cotton wood, Poplar, Maple) and traditional hardwoods (Eucalyptus, Boswelia, 
Gmelina, Gew etc). The grades of paper made with mechanical pulp (include 
printing paper for cheap magazines, toilet tissues, toweling, boxboard and molded 
paper). They yield between 90-97% pulps from the wood used (Myers, G.C.; et al 
1999 ). 
The types of mechanical pulping processes currently in use are: 
1- Stone ground wood pulp (SGWP) 
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2- Refiner mechanical pulp (RMP) 
3- Refiner ground wood pulp (RGWP) 
4-  Chemi-mechanical pulp (CMP) 
5- Chemi-thermo-mechanical pulp (CTMP) 
6- Thermo-mechanical pulp (TMP) 
The three most prevalent forms of mechanical pulping are ground wood or stone 
ground wood, refiner mechanical and thermo-mechanical (Hunt, Chris; Y et al  
2003). 
Chemi-mechanical processes are becoming increasingly important as means of 
obtaining more fiber from the available wood supply, and especially from 
hardwoods. 
Chemical pretreatment before grinding gives power and confers extra strength to 
the pulp and thus allows a reduction in the amount of imported long-fibered pulp 
needed to achieve the necessary paper quality (Myers, G.C.; et al 1999). 
In semi-chemical pulping processes, the wood is given only a mild chemical 
treatment, softening or removing just enough lignin to loosen the fibers, but not 
enough to separate them. Separation is then affected by mechanical means. The 
process was developed particularly for the pulping of hardwoods and has many 
variations. Three of the important methods are the neutral sulphate, cold soda, and 
chemi-ground wood processes. Semi-chemical pulp produces stiff resilient 
products and is used in making corrugated paper boards, egg carton, and similar 
items (Hunt, Chris; Y et al 2003). Sulphate liquor gives too slow action, kraft white 
liquor and sodium hydroxide solutions give almost identical results (Hunt, Chris; Y 
et). 
High temperature shock (HTS) is one of the methods which can be applied to 
produce high-yield chemi-thermo-mechanical pulp (CTMP) from different 
lignocellulosic raw materials at high temperature of 250-400ºC for 2-4 min, 
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atmospheric pressure, with low chemical, water, and energy consumption 
(Khristoff and Khristova, 1980). 
Chemical pulping methods dissolve the bonding lignin by a chemical reaction to 
permit the separation of cellulose fibers with minimal degradation of their 
structure. 
There are a number of chemical pulping processes which are differentiated by type 
of chemical and processes which are employed. Most important among these are 
sulphate or kraft process (also known as alkaline process) and the sulphite (acid) 
process (Pulping conference 2001). 
The sulphite chemical process was the first stage of development. It dominated the 
pulp industry in the early years of the chemical pulp industry (1860-1870). This 
process has a number of variations; the original development requiring the use of 
calcium base method (Pulping conference 2001).two main factors have made the 
sulphite industry less competitive, namely, its sensitivity to wood raw material, and 
difficulty in recovering the cooking liquor and utilization of its waste products, 
which correspond to half the wood substance. Introduction of soluble base pulping, 
involving the use of other bases, including magnesium, sodium and ammonia 
permitted pulping wood not previously suitable for the sulphite process. In 
addition, magnesium and sodium can utilize economically viable chemical 
recovering techniques (Pulping conference, 2001 ). 
In the early years, the sulphite method had the advantage of yielding the brightest 
to unbleached chemical pulp, and the most easy-bleaching one, and therefore, used 
for all grades where light color was of importance. When about 1930 it was learned 
how to bleach its pulp without any serious loss in strength and introduction of 
prehydrolysis process in about 1940, the kraft process began to gain ground in 
certain fields because of better paper strength properties. But acetate pulp had to be 
made by sulphite process. 
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The sulphite process was for a long time the only method of producing mildly 
cooked pulps, rich in hemicelluloses, for unbleached and bleached grease proof 
and glassine paper, but about 1950 neutral sulphite pulps of bleached grades have 
been used increasingly in this field and even some bleached kraft pulp has been 
applied (R.Johnson, 1999). 
However, many studies have been carried out towards 1980, they review 
development in many area of sulphite pulping e.g. high-yield pulping of softwoods 
and hardwoods; alkaline and neutral sulphite pulping for the production of kraft-
like pulp; and recovery of sulphite pulping chemicals for small mills and thus have 
shown that the process is much more viable and competitive than it has been in 
1970 (Wong, 1981). 
The process includes many variations which are acid sulphite; bisulphate; neutral 
sulphite, alkaline sulphite, multi-stage sulphite; dissolving; and high yield sulphite. 
Alkaline pulping includes two principal processes for the manufacture of pulp and 
these are: 
- The soda process, developed by Watl and Burgess in England in 1853, and 
- The sulphate kraft process proposed by Dahl (Germany) in 1870 . 
In these processes, an alkaline (sodium hydroxide and sodium carbonate) solution 
of sodium sulphate and sodium sulphite is used to digest chips at high temperature 
and pressure in the kraft process. The cooking process can be in batch or 
continuously operating cookers. Different grades of kraft pulp are produced by 
varying extent to which the chips are digested. In soda pulping process, caustic 
soda is used alone. The soda process is frequently discussed in the same category 
with kraft pulping (Springer,et al 2002). 
In chemical pulping also multistage cooking processes are tried. These processes 
aim at overcoming limitations in the conventional one. Stage pupling processes are 
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cooks where cooking liquor is withdrawn and replaced by another one of different 
composition (Pulping conference, 2001). 
The chemical processes dealt with so far rely on two major reactions, sulfonation 
of the X-hydroxyl groups of the side chain to water-soluble lignosulfonate in all 
variants of the sulphite process; and hydrolysis of the phenol ether bonds to give 
alkali-soluble phenolate lignin in the alkaline process. However, several other 
lignin reactions might well serve as a base for pulping process, from a purely 
technical stand point (R. Johnson et al , 2006). 
One principal to adopt in removing the wood lignin is to use other solvents than 
water. Such solvents are ethers like dioxane and polyglycol, or alcohols such as 
ethanol, butanol, glycol, glycered and phenol, and other compounds such as 
dichloropropional-dehyde. In those cases, acid hydrolysis of alkyl ether bonds of 
lignin appears to be necessary for a last delignification. 
To the same principle category belongs the hydrotropic pulping process which uses 
as solvents water-soluble solutions of some salts in high concentrations which 
change the solvent properties of water that organophilic molecules will dissolve 
e.g. sodium benzonate, xylene sulfonate, or cymene sulfonate. 
Another principal method for lignin removal is degrative, and starts as a reaction at 
the benzene nucleus, followed by scission of phenolic ether bonds and even carbo-
carbon linkage. To this category belong nitration, chlorinate and chlorine dioxide 
oxidation, as well as other halogenations and oxidizations. These methods are of 
greater technical interest (A. Zink-sharp, 1999). 
2. 3. 1. 2 Additives in pulping  
Much research has been carried out to overcome the disadvantage of soda kraft 
pulping, mainly with regard to low yields and environmental problems. 
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Hundreds of potential compounds were suggested as pulping additives. Only a few 
of them, however, proved to meat at least part of the aims of these modified 
alkaline pulping processes: 
- Accelerating delignification rate. 
- Increasing the delignification selectivity. 
- Increasing pulp yield. 
- Improving pulp properties, and 
- Eliminating or reducing air pollution problems in kraft pulping.  
Arange of diamino compounds, both aliphatic and aromatic are found to accelerate 
soda pulping to equal or better than kraft pulping and produce pulps with excellent 
mechanical strength (Balin, 1993). Also another example of additives is 
polysulphide pulping. 
However, anthraquinone (AQ) is a good example of the rare chemical advances in 
wood pulping. It is a new pulping chemical process that has succeeded. Interest in 
AQ application now encompasses possibility that were only curiosities until 
recently (TAPPI, c2002 ). 
Anthraquinone is an organic compound which is not a surface active material. 
When added in very small amounts (D.454 kg/ton) it accelerates the kraft pulping 
process dramatically and gives a significant yield increase. When added to soda 
cook, kraft-type yields, cooking rate and strength develop on both hardwoods and 
softwoods while allowing reduced recovery loads and increased pulp production 
(Springer, et al  2002). 
Some key attributes are essential for a technically successful reducing and 
oxidizing (redox) pulping catalyst. It must be stable to hot, strong alkali, 
susceptible to reduction by aldehyde functional polysaccharide to a form that can 
reduce and degrade active transient lignin structure; and soluble in the reduced 
from hot alkali. A technically successful catalyst must also have zero toxicity, no 
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adverse environmental effects, and cost effectiveness. AQ has become a successful 
pulping chemical because it possesses all the qualification listed above (Balin, 
1993). 
There are two effects from which all possible applications of AQ derive: 
1- Acceleration of alkaline pulping. 
2- Carbohydrate stabilization with yield preservation. 
Currently, Anthraquinone application in alkaline pulping includes four basic 
categories: 
1- Non conventional alkaline processes. 
2- Incremental capacity application. 
3- Cost reduction consideration. 
4- Environmental uses (Balin, 1993). 
Addition of small amounts of AQ to the alkali resulted in pulps with higher 
strength properties, because AQ accelerated elimination of lignin and increased the 
content of alkali-resistant carbohydrates (Kozhvnikov et al. 1982; Brunow and 
Rekkala, 1982). 
Addition of AQ to kraft cook allowed for reduction in the cooking time, alkali 
charge, and temperature while the pulp yield was increased (Mecleod et al. 1974; 
God et al. 1979; Masura et al. 1982; Goyal and Misra, 1982; and Velik, 1983). 
Also sulphidity could be reduced (Balin, 1979, Sharma and Bhandari, 1982; Shah 
et all. 1982; and Parthasarathy et al. 1983). 
AQ also improved the physical-mechanical properties (Sharma and Bhandari, 
1982; and Masura et al. 1983). Also reduction in the rejects is reported (Shah et al. 
1982, Masura et al. 1982; and Upadhyaya and Singh, 1986). 
2. 3. 2. Pulp purification (Bleaching) 
Bleaching as applied to this technology, means whitening of wood pulp, textile, 
and various other materials (Springer, et al 2002). The main objectives of 
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bleaching are to increase the brightness of pulp and to make it suitable for the 
manufacture of printing and tissue grade papers by removal or modification of 
some constituents of the unbleached pulp including the lignin and its degradation 
products, resins, metal ions, non cellulosic carbohydrates, and flecks of various 
kinds. For some types of dissolving pulp, it is required to bleach and 
simultaneously to lower the viscosity of the pulp to a predetermined level. For 
most purposes it is desired not only to make the pulp whiter or brighter, but also to 
make it stable so that it will not become yellow or lose strength or brightness on 
going (Springer, et al 2002). 
There is a considerable variation in the technique and chemicals used between 
plants in the bleaching operation depending on the fiber raw material from which 
the pulp is derived, the pulping process; and the final use of the bleached pulp 
(Springer, et al 2002). 
Bleaching chemicals include hypochlorites, chlorine dioxide, elemental chlorine, 
peroxides, oxygen and ozone. 
2. 3. 3. Paper making 
Paper is simply defined as a sheet material made from fibers of wood, grass, or 
cotton, it can be used for writing, printing and packaging. 
Harder-paper is made from cellulose fibers that are found in plant cell walls, and  
obtained from any one of several plant sources such as wood, bamboo, cotton, 
aspen, sugar cane, wheat or rice. There are six elementary steps involved in 
making paper: 
1- A fibrous raw material is pulped, that is, it is so treated mechanically, 
chemically or by some combination of these, that the individual fibers are 
more or less completely separated. 
2- The fibers are dispersed as a dilute suspension in water. 
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3- The fibers are filtered from the suspension through a sieve or screen, a 
“muld” or “wire in such a fashion as to make a uniform layer of drained pulp 
that is a wet sheet of paper. 
4- The screen is separated from the paper, on operation called “couching” in 
such away as to leave the wet and therefore fragile sheet unwrinkled and 
undesirable. 
5- The couched paper is placed in contact with a woven cloth, a “felt”, and 
pressed to remove excess water. 
6- The moist paper is removed from the felt and dried. 
2. 3. 3.1. Stock preparation 
Most pulp cannot be used for papermaking as it comes from the pulp mill. Other 
types of pulp having different characteristics may be purchased from other pulp 
mills to give the final qualities needed for the paper to be made. Dyes and additives 
are also added to achieve the desired color and physical properties of the sheet. 
These operations are usually referred to as stock preparation proportioning or stock 
blending (Hunt, Chris; et al 2003). 
The processing of secondary fiber, sometimes called waste paper or recycled fiber, 
is usually carried out in the stock preparation department of the paper mill (World 
Bank, 1996). Stock preparation includes mechanical treatment and chemical 
treatment. 
2. 3. 3. 1. 1. Mechanical treatment 
This treatment includes disintegration, beating and refining, and stock blending. 
The principal objective of the disintegration process is to produce suspension of 
pulp fibers in water which can be pumped continuously to the succeeding 
processes. An equally important objective is to separate fibers individually so that 
they are not grouped or bonded in flues or clumps. This second objective is rarely 
completely achieved in the disintegration process and after disintegration; most 
 39
stock suspensions will contain small flues of joined fibers. These can be removed 
in screening operation, or they can be dispersed in a subsequent operation, usually 
the beating and refining step. Usually, however, the fiber bundles or flues are held 
back in the disintegrator until they are sufficiently dispersed to pass through the 
discharge screen plates. The most important factors controlling the choice of 
equipment and its method of operation and therefore, the power consumption, and 
cost are fiber content of pulp, physical form of pulp, extent of delignification, fiber 
length, output consistency, and if the process will be carried out in batch or 
continuous operation. The size and number of units of equipment used for pulp 
disintegration are based largely upon practical experience (Cosey, 1980). 
Beating and refining can be defined as mechanical treatment of pulp carried out in 
the presence of water. The term beating is usually applied to the batch treatment of 
the stock in a hollander beater or one of its modifications. The term refining is used 
when the stock is passed continuously through one or more refiners in series or 
parallel (Cosey, 1980). There are mainly three major types of pulp refiners that are: 
disk refiners, Jordan (conical) refiners, and the hollander refiners (Madison, 
WI.1981). 
Beating or refining is carried out primarily because of its effect on the physical 
properties of the finished sheet of paper. The sheet properties are modified by 
beating or refining in such away as to make the sheet more suitable for the use to 
which it is to be put. That is to assist in making a sheet to meet customer’s 
specifications. This objective is achieved through the effect of beating and refining 
on the properties of fibers and the effect that change in fiber properties has on the 
sheet properties. There are three main properties that are controlled by beating and 
refining the stock: the strength and other mechanical properties, sheet formation, 
that is uniformity of fiber distribution, and density related properties. Beating also 
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affects stock properties e.g., drainage, setting rate of fibers and temperature. 
Further more, it affects sizing, fiber retention and dyeing of pulp.  
Beating increases processing cost and time. However, beating or refining is 
affected by many factors such as beater and refiner variables, pulp quality, 
hemicelluloses and lignin contents in the pulp, pulp dyeing, added substances, PH, 
temperature, and consistency of pulp (Cosey, 1980). 
Slow drainage characteristics, relatively poor wet strength, drying of paper at 
somewhat lower temperature and increased shrinkage necessitate substantial 
revision in the paper machine configuration (Madison, WI.1981). 
If two or more different sources of fiber (pulp) are used, arrangement must be 
made for blending to mix the different pulps in correct proportion before sending 
the prepared stock through the approach flow system to the papermaking machine. 
In some mills, the necessary mixture of fiber is prepared prior to beating and 
refining (Cosey, 1980). 
Stock blending involves mixing the various fibrous materials that are mechanically 
prepared (e.g. short fiber, long fiber, mill broke) and the non-fibrous material such 
as filler, rosin sizes, glum, starch, dyes, etc. both the fibrous and non-fibrous 
materials are blended together in certain preselected proportions, to make up the 
desired paper stock (Geyasngam, 1983). 
2. 3. 3. 1. 2. Chemical treatment 
It is rare to find a paper which consists of cellulose fibers only. Many non-fibrous 
materials are added during the stock preparation stage of papermaking. These 
materials are used as processing assistants including such agents as antifoams, 
retention aids and some end up in the final sheet Cosey, 1980). 
Mainly chemicals and additives are added to achieve the desired properties of 
paper, depending on its final use. Additives chemicals include fillers and loading 
materials (such as clay, calcium carbonate, talc, titanium dioxide, zinc sulphite, 
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etc) and these are added to improve opacity, brightness, printability and 
smoothness and also to achieve other special objectives. Also materials are added 
for internal sizing of paper (such as gum rosin so up and alum). Starch is added to 
improve fiber bonding and which can also be added as cationic starch to increase 
the adhesion of the fibers and the retention in the paper. Dyes are added to the 
fibrous mass prior to papermaking mainly in order to obtain the required shade. It 
is also possible to surface dye the paper, but the widely accepted method is the 
blending of dyes with the fibrous stock (Geyasingum, 1983). 
Non fibrous materials can be added to the stocks solids or as liquids, in the latter 
case either as solution or as a suspension in water. They can be added in batch or 
continuously.  
All additions should be made, if possible, at points before any recycled stock or 
broke is returned. The order of addition is often important, therefore, it may be 
necessary to have two, three or even more addition points in the system (Cosey, 
19809). 
2. 3. 3. 2. 1. Wet-end Additions  
Fibrous raw materials of short fibers make some difficulties in manufacturing 
certain varieties of paper without the addition of chemical such as native and 
cationic starches, gums, resins, etc. these additives increase the wet-web and dry 
strength of paper and also improve surface properties for better  printability. These 
additives are widely used in pulp and paper industry and research is still going on 
for the selection of cheaper and effective chemicals to make the production of 
paper economical (Shorma, 1984). 
Wet- end strengthening of paper requires that the fiber-fiber bonds of the paper are 
made more resistant to the disrupting action of water. If properly, water-soluble 
polymers added to the papermaking furnish and adsorbed on the surface of the pulp 
fibers may provide such a reinforcement of the bonds. One may assumes that the 
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mechanical action during formation and pressing of wet sheet causes a natural 
entanglement (inter diffusion) of the added polymer molecules with the fiber 
surface polymer molecules (hemicelluloses, amorphous regions of cellulose, lignin 
residue, etc). Entanglement among the fibers surface molecules of two fibers 
brought into contact with each other may well contribute to the dry-strength of 
regular fiber-fiber bonds (diffusion theory of adhesion). The material in the region 
of fiber-fiber contact of a polymer treated paper may then be regarded as 
composite, consisting of physically entangled fiber and additive polymer 
molecules. During or after drying of paper, this composite material is regarded less 
suitable in water by chemical changes in system, and wet-strength is thereby 
developed. 
2. 3. 3. 2. 2. Guar Gum 
Guar gum is obtained from the seeds of Cyanpis tetragonoliocbus, a leguminous 
plant cultivated in Pakistan, India and Southwestern part of the United States. The 
bean pod is about 150 mm long, and contains five to six seeds, commercial guar 
gum is the endosperm part of the seed. 
The main polymer chain is composed of D-mannose units, with D-galactose units 
linked as side to approximately every D-mannose unit (Figure 8). Guar gum is 
therefore galactomannan like locust bean gum, but differs from it in having a 
greater incidence of D-galactose units; however, guar gum is more soluble in cold 
water. The viscosity of guar gum solution is relatively high and is not seriously 
affected by variations of PH. Many monovalent and divalent salts are also related 
to borate ions cause cross linking between the polymer chains, leading to gel 
formation in slightly alkaline condition; addition of dilute acid reverse the 
phenomenon. 
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Some commercial guar gum products have a slight ability for chemical 
modification, to improve the solubility in cold water or flow properties for example 
by formation of carboxymethyl ether. 
Guar gum production is essentially milling process. The guar gum flour is 
produced in a variety of grades differing in purity and viscosity. Some grades are 
treated to control the rate of swelling and solution in water.  
Guar gum finds uses very similar to those developed earlier for locust bean gum. 
Supplies of gum are more regular and reliable, also often cheaper, so that guar gum 
is tending to replace locust bean gum. Guar gum is widely used where an 
economical thickener is required at the lowest possible concentration. Large 
quantities of guar gum are used in paper industry as a wet-end additive to improve 
the strength of paper, and in mineral processing as a flotation agent (Blood, 1972). 
                                                                                 CH2OH 
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Figure 8. Structure of guar gum (Nakanishi et al.1975). 
The addition of guar gum, both after and during beating, gave improvement of cell 
properties studied, especially of tear and burst strengths. This was so pronounced 
with the addition during beating. Here the beating time was shortened and as a 
result, the tear is improved due to the lesser treatment and fiber damage, whilst at 
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the same time the tensile properties were also improved to lesser extent (Khristova 
et al. 1990, 1993, 1995). 
Amphoteric guar preparation is examined as a beater additive in reflecting ground 
wood and chemical pulp and as a filler retention aid. Saving are affected in energy, 
usable fiber, and wet-strength agents, while dry strength and retention are 
improved (Traser and Breuing, 1983). 
Also a periodate oxidized galactomunan (guar or locust bean) gum is used as wet-
end additive to achieve wet-strength, as wet strength development is usually 
attributed to hemiacetal cross linking with the cellulosic hydroxis of the aldehydes 
of the additive. 
 
2 .4   General  description of species 
2. 4. 1 Cordia Africana 
Current name: Cordia African    
Family          : Borainaceae Sunonums 
Local name: Gambil 
Botanic description 
Cordia africana is a small to medium-sized evergreen tree, 4-30 meter high, 
heavily branched with a spreading, umbrella-shaped or rounded crown. The bole is 
typically curved or crooked. Bark is grayish-brown to dark brown, smooth in 
young trees, but soon becoming rough and longitudinally fissured with age; young 
branch lets with sparse long hairs. Leaves alternate, simple, ovate to sub circular, 
7.5-17.5 (max 30 cm) long, 3.5-10.2 (max 30 cm) broad; thinly leathery; dark 
green above paler green and velvety below; with prominent parallel tertiary net 
nerves (about 7 pairs of lateral nerves); apex broadly tapering or rounded; the base 
rounded to shallowly lobed; margin entire; petiole slender, 2.5-7.6 cm long. 
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Buds oval, stalk less pleated open into flowers that are bisexual, white, sweet 
scented, shortly pedicel or sub sessile massed in compact panicles covering the 
crown, with a white mass of attractive flowers, calyx less than 1 cm long strongly 
ribbed back of lobes covered. Fruit is a drupe, smooth, spherical, oval tipped 
flashed 1.3-1.5 cm long, green when young, yellow to orange when mature, with a 
sweet mucilaginous pulp and short remains of the calyx at the base, contains 2-4 
seeds, which lack endosperm (Ellis, 1996). Habitat: the species occurs at medium 
to low altitude. In savannah and bush, in warm and moist areas, often along 
riverbanks, occurs in afromontane rain forest and undifferentiated afromontane 
forest (mixed podocaarpus forest), usually along margins and clearings 
(Hines,DA,Eckman,K. 1993). 
Geographic distribution: native to Angola, Democratic of Republic Congo, Djipoti, 
Ethiopia, Ghana, guinea, Kenya, Malawi, Mozambique, Saudi Arabia, south 
Africa, Sudan, Tanzania, Uganda, Yemen, Republic of Zimbabue. 
 
2. 4. 2. Crativea adansonii  
Family         : Capparaceae (Caper family) 
Local name: Dabkar Um Bukesha 
Previously known as the Capparidaceae, the caper family is related to the 
Cleomaceae and to the Cruciferae. It comprises some 650 species of small trees 
and shrubs in 30 genera which are found principally in tropical and warm 
temperate regions. A few species may be uncounted in cultivation, but only rarely. 
Members of this family contain thioglucosides (known as glucosinolates, which 
release isothiocyanates) “Mustard oils when the plants are damaged (Mitchell, 
1974 and Jovdan, 1974; Richter, 1980). Typically, Theplants yield methyl 
isothiocyanates from methyl glucosinolate (otherwise known as glucocapparin). 
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These mustard oils have skin irritant activity and may also have contact allergenic 
activity (Mitchell et al. 1874, 1980). 
A number of species are spiny. 
Description: 
Small deciduous tree 6-15 m tall with a rounded crown, bark light grey smooth. 
Leaves petiolate 3- Joliate; leaflets ovate-lonceolate, shortly petiolulate; elliptic-
lanceolate; 3-12.5 cm long, 1-4 cm wide acuminate, cuneate ate the base; petiole 
2.5-8.5 cm long flowers in many flowered cormybs in an in florescence 1-7.5 cm 
long, peticels 1.5-4 cm long. Sepbtals, eventoid or lonceolate up to 4 mm long. 
Petals, 4, ovate, eventually 3 cm long, 170 cm wide, the 2 adoxial ones generally 
the longer, clawed white or yellowish. Stamens 2-5 cm or less. Fruits spherical 4-5 
cm, yellow or pale brown. Seeds 30-40, 7 mm to 10 mm × 7 mm, globes. 
Leafing, flowering and fruiting: semi-deciduous, retaining its leaves for a long time 
in moist situation, flowers before or just after the flush of new leaves.  
Weight of seeds: 142 g/1000 seeds. 
Distribution: Kassala, Blue Nile, Kordofan, (Nuba), Darfour, Upper Nile, 
Equatorial. 
Spot character: tree with trifoliate leaves and spherical fruits 4-5 cm in diameter on 
thickened gynophores, flowers white with long purple stamens. 
Uses: the timber is used locally for saddles, car wheels, furniture, and bedstead leg. 
Sand various joiners’ items such as doors, windows etc. it has been found very 
suitable for the manufacture of shoe lasts. It is also used for firewood and charcoal 
and it is used in ornamental and medicines. 
 
2. 4. 3. Combretum glutinosum  
Family             : Combretaceae 
Local name: Habil, Habil el Gebel 
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Description: 
Small savanna tree 7-10 high some times with several stems. Barks smooth grey 
with patches; of darker older scales, slash red brown fibrous over yellow sapwood. 
Leaves sub-opposite obviate elliptic, acutely acuminate up to 17.5 cm (to 7.5 cm) 
broad.Variable in glutinous and smooth above. Midrib usually prominent above 
venation strangled reticulate markedly prominent beneath white flash, more or less 
densely tomentose, lateral nerves + 10 cm on either side of the midrib slightly 
arcuate, petiole 5-8 m long. 
Flowers greenish densely hairy 2.5-6 cm long meter pedicel 1.5 mm long inserted 
between the calyx lobes, (Crowfoot, Grace M, 1928). Stamens 10.3 mm long, 
filaments yellow. Fruits ovate angular 4-winged, 2.5-3.5 cm long, 2 cm broad 
truncate at the base, puberulous. 
Uses: The wood is used mainly for firewood and charcoal. Naturally durable for 
about 2 years, it is used locally for fence posts and frame work of thatched houses. 
Root and bark are used to age fabric yellow. 
 
2. 4. 4. Sclerocarya birrea (A.Rich. Hochst)  
Family             : Anacariaceae (Mango family)       
local name    : Homeid 
Description: 
Sclerocarya birrea is a medium to a large tree, usually 9-12 m tall, but trees up to 
18 m have been recorded (Bein,E.1996). It is single stem with short (usually 4m) 
bole, up to 120 cm in diameter, dense, spreading crown and deciduous foliage. The 
bark is grey and usually peels off in flat, round scale, exposing, the underlying 
light yellow tissue. Young twigs are thick and digitally form with spirally arranged 
composite leaves at their ends. It has a thick relatively short taproot reaching 
depths of 24 m lateral roots, branch at the upper 60 cm of soil but extends as far as 
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30 cm. Mycorhiza (root fungus) are found on the Fiona roots, leaves are compound 
grey green in color but change to pale yellow just before shedding, leaves 18-25 
×8-15 cm composite containing 2-23 leafleats averaging 11, leaflets oblong elliptic 
with petioles ranging from very short to 20 mm in length. 
The canopy is round and flowering is un branched sprays 5-8 cm long. Although 
male and female flowers occasionally occur on the same tree, it is considered 
dioecious, male flowers are borned in groups of 35 on racmes below new leaves, 
dark red when young turning pink or white when open, the female flowers are 
blood red but change color from the white after opening, they occur below the 
leaves on long peduncles and consist of 4 curling petals numerous in fertile 
stamens and a long shiny ovary (Roodt, 1988). 
Fruit borne in clusters of 3 at the end of the twigs and always on the new growth. 
Fruit is round or oval drupe, usually wider than it is long with a diameter of 30-40 
mm which turns butter. Yellow when ripe (Roodt, 1988), the shape and number of 
nuts per stone determine the final shape of the fruit. 
Marula produces fruits, which contain five times more vitamin C than orange juce 
(SIDA, 1994), also fruit has protein contents of 28% and oil content 50-60 % 
(Roodt, 1988). 
Marula nuts can be eaten either raw or cooked, juice is brewed into a nutritious 
beer (e.g. sweetened flush is fermented and distilled to make a Marula cream); the 
oil from the nuts is used for cooking, skin moisturizer, medicine and insecticide 
(Desert Researcher Foundation of Namibia 1994, SID, 1994). 
Marula fruits contain high vitamin C content and poor people consume the fresh 
fruit to prevent common colds (Erkkil and Siskonen, 1992). 
Marula is a valuable tree species because it makes the most popular beer in the 
North-western regions of Namibia, sweet fruits are used to brew the beer 
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(CRIAASA, DC, 1998). The alcohol content of the beer is equal to canned beer 
and is prepared from 7.5 kg of fresh fruit (Roodt, 1988). 
The nut kernels can be boiled until only residue forms, which is rich in protein and 
iodine. This substance has been commercially used as moisturizer and is marketed 
in Madagascar, where it is known as Sokoa oil (Roodt, 1998). Also a trial Marula 
oil production project (CRIAA AS-DC 1998), has been set up in Namibia at 
katutura in Windhoek to extract oil for export to Europe. The wood is used for 
furniture, paneling, flooring, carvings. The inner layers of bark makes a strong 
rope. Boats are also made from the trunk. Red brown dye can be produced from the 
fresh skin of the bark. The gum, which is rich in tannin is mixed with soot and used 
as ink. Fruit-farming communities prefer planting couple of those trees to attract 
pollinators to their farm in early spring. 
 
2. 4. 5. Terminalia brownii 
Family           : Magnoliopsida; Rosidaee; Myrtales, Combretaceae 
loca name      :       Drot 
                       
Description : 
Small tree 6-13 m high, occasionally reach 25 m high, with a rounded spreading 
crown, branches reaching close to ground. Bark of bole is grayish, rough, 
longitudinally fissured; slash, fissured brown; bark of branch lets grey, fibrous. 
Leaves crowded at the ends of branches obviate-elliptic 7-11 cm long, 2.5-7.5 cm 
broad, petiole 1.5-2 cm, acuminate; lateral veins about 7 pairs arising from the 
midrib, puberulous or glabrescent beneath,. Flowers on an inflorescence, 9.5-11 cm 
long, peduncle 1.5-2 cm long, tomentose, flowers, cream to white, 0.5 mm wide, 
glabrous calyx lobes acuminate. Fruit winged broadly elliptic to ovate, apex obtuse 
to rounded emarginated, base acute to obtuse 3.5×2.2 cm sometimes up to 0.5-0.7 
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cm long, purplish red to brown; pedicel 0.5-0.7 cm long, native to Kassala, Karora 
Hills, near Eritrean borders, Fung, Darfur, Upper Nile, Kordofan. 
Uses: The wood is used in the round as a local building timber, for beams and 
rafters. It is also used for firewood and charcoal.  
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CHAPTER 3 
Materials and Methods 
3.1. Raw material             
The raw materials in this study were five Sudanese  wood species studies for their 
suitability for pulp and paper manufacture . The wood materials comprised five 
local species namely: 
 Cordi africa, is a small to medium-size evergreen tree, 4-30 meters high, occurs 
locally in the Upper Nile area. 
 Crateva adansonii, it is a small deciduous tree 6-15 m tall with around crown, 
bark light grey smooth .Occurs naturally in Southern Sudan as a low land species.  
 Combretum glutinosum , small Savana tree 7-10 m high some times with several 
stems. It is an indigenous tree species. 
Sclerocarya birrea, is a medium to large tree, usually 9-12 m tall, but trees up to 18 
meters 
 Terminalia brownii, is a small tree 6-13 m high, occasionally reaches 25 m high, 
with a round spreading crown. 
3.1.1 Wood selection and sampling   
Five trees  of each species were selected from Jelhag natural forest-Upper Nile 
State , felled and delimbed ( 50 cm above the ground level) . Three logs from each 
wood species about 100 cm length were prepared  .About one third of the length 
was cut out from one or both ends of each sample log across a portion free from 
knots or decayed wood , for determinations of physical properties of wood and 
preparation of wood meal for chemical analysis . The species ages were as : Cordia 
africana 10 years , Crateva adansonii 9 years , Combretum glutinosum 8 years , 
Sclercarya birrea 10 years ,Terminalia brownii 9 years with small diameters range  
from17 to 2 cm . 
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3.2. Physical properties of wood  
The physical properties of wood in the present study   were determined as the 
average basic density and bark-to-wood  ratio, according to B.S.373 1957 
 
Basic density, g / cm3 =   Oven dry mass    
                                           Green volume  
Bark-to-wood ratio by mass, % = X-Y x 100   
                                                            X  
   Where:   
     X = Total outer diameter of disk, cm  
     Y = Total inner diameter of disk, cm 
  Bark volume, % =   V0 – VI  x 100                                          
                                        V0                                       
Where:  
   V0   =   volume  of  disk  with  bark , cm3                                             
   VI   =   volume  of  disk  without  bark , cm3   
                                         
3.3 Anatomical and morphological characteristics   
In the present study the investigation included the internal structure of fibers and 
their morphological characteristics (fibers length, fibers diameter and fiber lumen) 
by using light microscope. 
  
3.3.1. Maceration method  
The dissociation method was used to liberate and reveal fibers to their cellular 
structures. Schulze,s maceration method which consists of the application of nitric 
acid 60 % concentration was used . The wood specimens were kept separately in 
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small boxes. Maceration specimens were prepared by cutting the samples into 
slivers. 
The specimens representing each species were put into a 15 ml test tube and then 5 
ml of nitric acid was added to the test tube and gently warmed for 5 min on water 
bath . The warming was stopped as soon as the color of slivers converted to white;  
 this indicated the maceration process was completely done. The acid was decanted 
after the mixture was well shaken .  
 
 
3.3.2. Washing and filtering  
The tubes containing the macerated wood materials and remainder of  nitric acid , 
which was used in maceration process , were filled several times ( 3-5 ) with 
distilled water in order to remove any traces of acid .With the last time of filling 
test tubes with water , the macerated materials were ready for the staining. 
3.3.3. Staining and slides preparation for measurement  
The macerated wood material ( fibers and fibrous bundles ) was taken out of the 
test tube and placed in a watch glass containing some drops of 25 % ethanol to 
make the dying process easy and to remove the absorbed water and fixing the dye 
in the lignified fiber walls .After leaving the material in ethanol for 5 min , it was 
transferred to another watch glass which contained few drops of Safranine dye for 
5 min , and then the fibers were transferred to another watch glass containing 
distilled water to remove superfluous dye from the fibers for few minutes .Finally, 
some macerated and dyed fibers were taken and placed on the middle of the 
standard slide ( 2.5 x 7.5 cm ) by using needle .The fibers were distributed within a 
glycerin drop to prevent further drying after placing the cover glass ( 25 x 30 mm ) 
on it, so as to measure the fiber dimensions by means of the light microscope . 
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3.3.4. Fiber Microscopic measurement  
Light microscope (Olympus CH 20) with   10X ocular lens was used to carry out 
the measurements .Two objective lens were used; a 10 X lens for measuring the 
fiber length and 40X lens for measuring fiber diameter and fiber lumen diameter 
.The ocular lens was provided with scale divided into 100 equal parts each part was 
further divided into 10 smaller equal parts. 300 filaments from each species were 
measured at random microscopic field, so for each fiber, the length was measured 
firstly and then the objective lens was turned into the 40 X to measure the diameter 
and lumen diameter.  The obtained data were recorded in special tables, previously  
prepared for this purpose, and entered in an electronic spread sheet (Microsoft 
excel) to compute the other measurement of fibers. 
3.3.5. Measurement calibration  
The data obtained from the light microscope , were not properly accurate , due to 
that the calibration of the scale was done using the caliber slide which has scale  1 
mm long is divided into 100 parts each one equal 10 µm. For magnification ocular 
lens 10 X and objective lens 10 X , the conversion factor was 0.0099 µm and lens 
40 X the conversion factor was 0.0025 µm  . 
3.3.6. Morphological indices  
The data obtained from fiber microscopic measurement were used to calculate the 
morphological indices, the double wall thickness, Runkle,s ratio , coefficient of cell 
rigidity , coefficient of flexibility , Felting ratio, the average fiber length 
.According to the following equations :  
             DWT     =   (FD – LD)  
  Where:  
DWT   = double wall thickness, µm. 
FD      = fiber diameter µm  
LD     = fiber lumen diameter, µm. 
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Runkle,s Ratio ( RR ) =     DWT   
                                            LD  
          Where:  
RR = Runkle, s Ratio  
DWT   = double wall thickness, µm 
LD      = Lumen diameter, µm  
Coefficient of cell rigidity =   CWT 
                                                   FD  
       Where:  
 CWT   =    average cell wall thickness, µm  
 FD   =    average fiber diameter, µm 
Flexibility coefficient   =     LD            
                                             FD                                        
 Where:  
LD    =     average lumen diameter, µm  
FD    =     average fiber diameter, µm   
Felting Ratio (FR) =   FL   
                                    FD  
Where:   
FL   = Average fiber length, mm  
FD   =    Average fiber diameter, mm  
3.4. Chemical composition of wood   
The woody tissue or Xylem has in general a characteristic composition .The same 
main components (Cellulose, Hemicelluloses, Lignin) are present in all woods, 
although the proportions depend to some degree upon the species. Small variations 
are found from tree to tree and in different parts of the same tree. 
3.4.1. Wood meal preparation  
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Wood chips (2.5 x 2.5 x 2.5 cm) were manually reduced into particle size by 
passing them through a mill (star mill). In order to avoid production of undue fines, 
the wood was screened, by a B.S –mesh sieves .The chemical analysis was carried 
out on the meal portion which was retained on a B.S- 60-mesh after passing a B.S-
40 mesh sieve. The prepared sample was stored in a glass jars. 
3.4.2. Methods of analysis  
The chemical analysis was carried on oven-dry basis according to the appropriate 
conventional methods and standards. Each analysis was carried out at least twice 
taking the average results. All data were expressed as percent oven-dry soluble or 
component on oven-dry un extracted wood  meal .Some determinations were 
carried out after pre-extraction according to the corresponding methods used as 
shown in (Table 1 ).  
Table (1).   Shows Standards and Methods used in the chemical analysis of the raw 
material  
Analysis Standard and Methods 
Sample preparation 
Moisture content  
Cold water and hot water soluble 
1% NaOH soluble  
Ash content 
Silica 
Lignin 
Cellulose (Kruschner-Hoffer ) 
Hemicelluloses 
     TAPPI T 111 m-59 
      TAPPI T 18 m-53 
     TAPPI T 207 om-93 
     TAPPI T 212 
     TAPPI T 211 om-93 
     TAPPI T 211 om-93 
     Khristova and Gabir,1984a 
     Obolenskaya et al 1956 
      TAPPI T 225 
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3.4.2.1. The extraneous components of wood   
The extraneous components are extra partial substances which are not considered 
an essential structural part of the cell wall. 
TAPPI T 207 om-93 standards were used for determining the solubility of the 
extractives soluble in water – the cold –water and hot-water as a percentage of the 
oven-dry weight of wood sample. The sample (10 g) of oven-dry wood meal was 
placed in a beaker and slowly 300-ml of distilled water was added. The extraction 
was carried out at room temperature at constant stirring for 48 hours. The material 
was filtered on a tarred filtering crucible, washed with 200-ml cold distilled water, 
and dried to constant weight at 1050C .The loss in weight of the dry wood was 
calculated as the percentage of material soluble in cold water. 
The solubility in hot water was determined on a separate sample (10 g) of wood 
meal was placed in a 250-ml Erlenmeyer flask 100-ml of hot distilled water was 
added and the flask was immersed in a boiling water bath for 3 hours. The contents 
of the flask were transferred a tarred filtering fritted glass crucible , washed with 
several small portions of 200-ml of hot distilled water , dried to constant weighed 
in a stopper weighing bottle .The loss in weight of the dry matter was calculated as 
the percentage soluble in hot water. 
Hot or cold water solubility, % = (A- B)   x 100 
                                                             A 
 Where:  
   A     = initial weight of the test specimen, g (oven-dry)  
   B     = Weight of the test specimen after extraction, g  
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3.4.2.2. Determination of Ash in wood  
Ash is the material remaining, calculated on the basis of the dry weight of the 
original sample, after the sample is ignited at a specified temperature.   
TAPPI T 211 om-93 standard was used to determine the ash content of five wood 
species in the  present  study . 
A sample ( 2 gram ) from the prepared wood meal was weighted into dish and 
ignited in a muffle furnace at 5250 C for 60 min, cool slightly and then placed in a 
desiccator, containing indicating-grade alumina, to cool to room temperature, then 
weight. The ignition was repeated as well as weighting until the weight of the ash 
was constant  to ± 0.2 mg. 
The ash content was calculated as follows : 
       Ash, % =   Ax100    
                               B 
       Where:  
           A   = weight of Ash, g  
           B   = weight of test specimen, g  
3. 4. 2. 3. Preparation of extractive – free wood  
Most of the analysis applied to wood required preliminary removal of the 
extractives .The neutral solvents, ethanol and benzene, were employed to remove 
materials according to TAPPI T 264 om-97 for chemical analysis. 
3. 4. 2. 4. The isolation and determination of the main wood component 
The Kurschner–Hoffer method (Obolenskaya et al 1956) was used for the isolation 
and determination of Cellulose. 
A sample of air-dry wood meal ( 2 g, 40-60-mesh ) of known moisture content was 
refluxed with the successive portions of concentrated nitric acid (20%,v/v) in 
ethanol for 1h each . After each reflux ion the mixture was filtered over glass –
fritted Crucible and the precipitate washed with small portion of the same mixture  
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and returned for refluxing .The final residue was filtered on a tarred glass-fritted 
crucible ( G2 ), washed with 10 ml of the alcoholic nitric acid , then with distilled 
water until free of acid ,boiled with distilled water ( 50 ml ) , filtered , dried to 
constant weight . The end of the lignin extraction was checked with a drop of 
phloroglucin in HCL (10 g in 100ml 12% HCL) – no red coloring 
 
3.5. PULPING  
3.5.1. Chips preparation  
The logs brought from the site were reduced according to TAPPI Standard T 111 
m-59 into disks of 2.5 cm thickness using a circular saw. The disks were debarked 
and further reduced manually into chips about 2.5 mm thick using a hand chisel. 
The chip size was approximately 2.5x2.5x2.5 mm. Bark, knots, and longer or 
thicker chips were sorted out by hand. The chips were well mixed and stored in 
sacks .The moisture content of the chips determined before pulping was about 5-6 
% .This made it necessary to soak the chips in water before pulping for a period of 
time to reach 25-28 % moisture. 
A sample ( 10 g from chip ) was decimally taken and placed in the oven at 1050C 
for 4 hours , then removed from the oven , allowed to cool in the desiccators over 
silica gel for 15 min and was weighed .The heating and weighing were repeated for 
2 hours periods until constant weight was obtained . The results were obtained 
according to the following equations:  
 
M. C % =   a. d wt – o. d wt   x 100 
                                  O .d wt 
                    M . C . F =   1- M . C %    
Where:  
M. C % =   Moisture content percentage  
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a. d  wt  =  air – dry weight in grams . 
o. d wt  = oven – dry weight in grams . 
M . C . F = Moisture content factor  
3.5.2. Cooking liquors preparation and analysis  
The quantities of chemicals required for different digestions at different levels 
were prepared from Sodium hydroxide pellets. The Soda white liquor was 
analyzed acidimetrically ( Kristova and Gabir 1988 ) , by titration with standard 
Hcl in the presence of phenolaphthalein and Methyl orange indicators successively 
. The Sodium hydroxide (active alkali ) and Sodium carbonate content in grams per 
liter were calculated as follows :  
NaoH , g/l    =    ( V1 – V2 ) K 500 x 1000 T1   
                                         10 x 20  
Na2CO3 , g / l  =   2V2 K 500 x 1000 T2   
                                          10 x 20  
Where: 
V1 and V2   = ml acid used for titration. 
K   = normality of the acid 
T1   = titration of the corresponding 1N solution of NaoH 
T2 = titr of the corresponding 1N solution of Na2CO3 
3.5.3. Pulping apparatus  
Laboratory Soda pulping was carried out in an electrically – heated, stainless steel 
rotating pressure vessel (digester) of 101 capacity. 
3.5.4. Pulping conditions  
The digestion conditions used for Soda and Soda – AQ pulping were , wood charge 
of 500-1000g , 12-16 % active alkali charge as Na2O for all 5 wood species . 
Liquor to oven- dry chips ratio of 5: 2. The cooking was carried out at maximum 
temperature of 1700C, cooking time 60-120 minutes, pressure 7 bar, the relation 
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between temperature and time was expressed as H- factor according to Vroom 
(1957).  
3.5.5. Pulping with Anthraquinone  
Anthraquinone was added as a catalyst in the Soda – AQ pulping of all 5 wood 
species . A dose of 0.13 % on oven dry chips was used . Anthraquinone was added 
in the cooking apparatus just before charging the cooking liquor . 
3.5.6. Black liquor analysis  
Samples of the black liquor were analyze immediately after each cook .The 
specific gravity was determined with a Pychnometer and the alkali consumption as 
Na2O on oven-dry wood was also determined by titration with standard 0.1N HCL. 
The residual active alkali was determined acidimetrically after clarification with 
barium chloride according to TAPPI T 625- 64. 
 3.5.7. Pulp analysis  
After washing and screening, the pulp was squeezed, then stored in a water – vapor 
–proof plastic bags. The moisture content was determined for all pulps obtained 
according to TAPPI T 18-m 53.  
The Kappa number, the measure of the residual lignin in the pulp was determined 
according to the half-Scale SCAN- CI: 77 method. The total yield (digester yield) 
was calculated as a percentage:  
Digester yield   =        Oven-dry grams of pulp           x 100  
                                 Oven-dry grams of chip charged 
Screened yield = Oven-dry grams of screened unbleached pulp  x 100 
                               Oven-dry chips charge 
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3.6. Pulp Treatment 
3.6.1 Pulp beating  
Beating is defined as the mechanical action applied to pulp between two parallel 
surfaces, under constant loading, moving differentially relative to one another. 
The pulps were beaten according to TAPPI T 200-70 in Reina beater with 5.5 kg 
load .Disintegration time, beating time and drainage measurement were carried out 
according to SCAN –C 25: 75 and SCAN – C 18. The samples were withdrawn 
from the beater at different time intervals depending on the type of pulp and the 
suitable removal schedule. 
 
 
 3.6.2. Additives during beating  
Non- ionic guar gum (0.5 % on oven-dry pulp) was added to the unbleached pulp 
in  the  beater  after  reaching  25  SR0  degree  freeness  for all 5 species pulp 
(Kristova et al 1989)   
3.6.3. Pulp Yield  
Hand sheets .for physical tests were prepared in accordance to TAPPI T 205 
standard with a British standard sheet machine .The unbeaten or Zero-beating time 
pulp freeness was determined using separate aliquots of the slurry .Hand sheets of 
60 gm-2 were prepared and tested after conditioning at 200C and 65 % according to 
TAPPI standard T 206. 
Samples withdrawn from the beater were cleared to avoid the effect of freeness 
reversion immediately prior to hand sheet forming. The drainage time was 
obtained during the preparation of the test sheets according to TAPPI T 221 by 
measuring the time required for a standard sheet 
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After couching with a brass couch roll the sheets were pressed using a compressed 
air press. The first pressing was carried out under 345 kpa for 5min and the second 
pressing for 2 min. 
The obtained sheets were then air-dry using plastic drying rings.  
 3. 6.4. Paper evaluation  
All test sheets obtained were conditioned before testing in an atmosphere of 65± 2 
% relative humidity at 20.0 ± 1.00C according to TAPPI T 402. Minimum six of 
the best sheets of each pulp type were used for testing. 
Moisture content , the thickness and specific volume of sheets , tensile strength, 
bursting strength , tearing strength, folding endurance , were determined for sheets 
from each wood species at different freeness according to the standards and 
methods shown in Table (2 ) 
Table 2 Standards used in the preparation and evaluation of the pulp sheets    
Apparatus Standard Test 
B.S. Standard 159 mm 
diameter sheet machine 
TAPPI T 205 om-81 Hand sheet formation 
Conditioning room TAPPI  402  om - 83 Conditioning 
Micrometer, templar and a 
balance 
TAPPI T 411 om- 83 Thickness and specific volume 
Schopper type tensile tester TAPPI T 404 om- 82 Tensile strength 
Mallen tester TAPPI T 403 os-76 Bursting strength 
Elmendorf tearing tester TAPPI T 414 om-82 Tearing strength 
Schopper folding endurance 
tester 
TAPPI  T 511 om-83 Folding endurance 
Om .official   test  method 
Os  . official standard 
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CHAPTER 4 
 
RESULTS AND DISCUSSION 
4.1. Physical properties of wood  
    
Table3. Shows the bark-to-wood ratios and basic density for the five wood species 
under investigation  
Basic density 
g/ cm3 
                             Bark content 
 
Bark-to-wood ratio by 
volume % 
Bark-to-wood ratio by mass % 
Species 
 
       0.39                      11.67 3.52 Crateva adansonii 
      0.41               14.58                      6.86                        Cordia Africana 
      0.65               15.72                      6.82              Combretum glutinosum 
      0.51               16.33                               6.18    Sclerocarya birrea 
     0.84               18.63 14.4 Terminalia brownii 
 
The average bark-to-wood ratio for Cordia africana, Combretum glutinosum, and 
Sclerocarya birrea are nearer to each other (6.86%, 6.82%, and 6.18% 
,respectively) and in the normal range for pulpwood but for Terminalia brownii is 
a bit higher(14.4%) while for Crativa adansonii it is lower than  the others 
(3.52%).It is well known that the presence of bark and specks of dirt affects the 
quality of pulp. C .adansonii is suitable for pulping due to lower bark ratio but 
peeling of thin bark may be difficult. In the case of Terminalia brownii, larger 
amount of bark could be used for production of low grade pulp. 
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The results obtained for basic density as shown in Table (3) showed that 
Terminalia brownii has the highest basic density (0.84 g / cm3) which is 
considered as high density pulpwood, followed by Combretum glutinosum (0.65 g / 
cm3), Sclerocarya birrea (0.51 g / cm3), Cordia  africana (0.41 g / cm3)which are 
considered as medium density pulp wood, and Crateva adansonii (0.39 g / 
cm3)which is considered as low density pulpwood 
  
4.2   Chemical  properties     
Table  4  depicts  inorganic constituents of  the five wood  species from Upper Nile       
                State 
Inorganic contents of the different wood species % Species 
Ash  Sulfate ash Total silica Alkali soluble silica 
Crateva adansonii      0.63      0.36     1.44        8.0 
Cordia africana      2.65      2.39     5.84        8.6 
Combretum glutinosum      2.60      1.60     0.33        7.9 
Sclerocarya birrea      2.35      2.64     1.48        8.1 
Terminalia brownii      3.30      2.58     3.11        8.9 
 
The average values for the inorganic constituents of the five wood species under 
study are shown in table (4).The average ash content for Terminalia brownii was 
found to be higher than the other four species (3.30 %), while for Cordia africana, 
Combretum glutinosum, and Sclerocarya birrea are nearer to each other (2.65, 
2.60, and 2.35 respectively) and they are in the normal range for tropical 
hardwoods, so they may not cause serious problems in liquor recovery and pulping 
of wood. The high silica content for Cordia africana and Terminalia brownii may 
make pulping a little bit difficult  
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It is well known that the temperature increase is usually reflected in higher 
contents of ash, extractives, and lignin in the tropical species (Harzmann, 1976 ). 
Table 5.  Shows the chemical components of the five wood species under 
investigation 
 Extractives soluble in water % Chemical components %  
 
hot  water 
 
cold water lignin Hemicelluloses Cellulose 
  Species 
     19.0     2.9 
     
24.4 
  23.8   44.0 Crateva adansonii 
     18.1     0.6 
     
23.9 
  25.9   43.5 Cordia Africana 
      30.0     11.2 
      
23.8 
  33.8   42.5 
Combretum 
glutinosum 
       30.0      17.0 
      
25.0 
  34.8   43.9 Sclerocarya birrea 
        20.4       19.0 
     
24.5 
 18.5   40.0 Terminalia brownii 
  
The average cellulose content for Crateva adansonii, Sclerocarya birrea ,and 
Cordia africana ,are in the normal range for tropical hardwoods,( 44%,43.9%,and 
43.5% respectively).For Combretum glutinosum and Terminalia brownii ,the 
cellulose content is also in the normal range for tropical hardwoods, not 
significantly .This could be considered as an indication for good yields pulp. 
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The pentosans content Sclerocarya birrea ,and Combretum glutinosum are higher 
than the other three wood species (34.8% and 33.8% respectively) followed by 
Cordia africana and  Crateva adansonii ( 25% and 23.8% respectively ), while  for 
Terminalia brownii is lower than all species under study  ( 18.5% ). 
The results for lignin content are close to each other for all five wood species. The 
higher values are shown for Sclerocarya birrea, Terminalia brownii ,and  Crateva 
adansonii (25%,24.5%and 24.4% respectively), followed by Cordia africana and 
Combretum glutinosum( 23.9% and 23.8%).The lower lignin content for the 
species under study makes the delignification of wood chips easier through 
sulphonation or by treatment with alkalis at high temperatures, or other 
delignifying agents. 
The cold water and  hot water extractives for Combretum glutinosum, Sclerocarya 
birrea and Terminalia brownii are higher than the other two ( 11.2% 17.0% 19.0% 
,30%,30%,20% respectively ), and (2.9%,0.6%,18.1% and19%). Higher extractives 
especially inclusions of tyloses may negatively affect the pulping of wood.  
The rather high extractive content may increase some strength properties of wood 
such as compression strength parallel to grain and static bending (Elzaki, 1990).So 
this is an indication for the suitability of the two species for best mechanical 
utilization. 
4.3Morphological characteristics   
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 Table 6.Shows fiber dimensions for five wood species  
Species                            Dimensions 
 Average fiber 
length (mm) 
Average fiber 
diameter (mm) 
Average lumen 
diameter (mm) 
Double wall 
thickness (µm) 
Cordia Africana      1.308        0.030        0.020      2.121 
Crateva adansonii      0.660        0.030        0.020       1.713 
Combretum glutinosum      1.281        0.020        0.010       2.122 
Sclerocarya birrea      1.041        0.020        0.010       2.157 
Terminalia brownie      1.220        0.020        0.010      2.123 
 
The data for the morphological features of the fibers  of the five wood species 
studied which influence the pulp properties are shown in Table(6 ) The average 
fiber length for Cordia africana, Combretum glutinosum , and Terminalia brownii 
are nearer to each other (1.31mm 1.28mm, and 1.22mm respectively) while 
Sclerocarya birrea showed medium fiber length (1.04mm), but for Crateva 
adansonii is considered as short fibered wood species (0.66mm).This may be 
mixed with other long fibered wood species to obtain good pulp properties .The 
average fiber diameter for Cordia africana and Crateva adansonii are the same 
(0.03mm),while for Terminalia brownii, Combretum glutinosum ,and Sclerocarya 
birrea it is 0.02 mm for each one so they can be considered as thin walled  fibers . 
The only differences are then dependent on fiber lengths so the different species 
studied could be distinguished through their fiber lengths .The average values for 
double cell wall thickness are higher for Cordia africana (4.75mm) fallowed by 
Crateva adansonii, Combretum glutinosum and Sclerocarya birrea (4.33, mm,. 
4.32mm, and 4.29 mm respectively), while for Crateva adansonii it is lower than 
the others (3.43mm).    
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 Table 7. depicts the average  morphological indices of five wood species   
                           Morphological indices Speciesa 
Rankle 
ratio(RR) 
Flexibility 
coefficient 
Coefficient of cell 
rigidity 
Felting ratio
Cordia Africana     0.408       0.713            0.143     51.69 
Crateva adansonii     0.275       0.784            0.107     24.95 
Combretum glutinosum     0.703       0.587            0.325     71.63 
Sclerocarya birrea     0.699       0.592            0.207     60.00 
Terminalia brownii     0.413       0.825            0.170     62.68 
 
The high average flexibility indices for Cordia africana and Crateva adansonii are 
of the first and second categories Istas classification (Istas, 1968). The fibers of 
Cordia africana and Crateva adansonii are expected to collapse (flatten) and 
produce good surface contact between adjacent fibers and hence, strong fiber-to-
fiber bonding is expected. 
This may also produce dense paper of  low  porosity with pronounced bursting and 
folding strength. Combretum glutinosum showed the highest felting ratio (71.63) 
followed by Terminalia brownii and Sclerocarya birrea (62.68 and 60 
respectively). This means that good tear strength could be expected for the three 
wood species while the lower values for Cordia africana and Crateva adansonii 
could   lead  to lower  values  for  tear  strength . 
4.4 Pulp and paper properties 
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Table 8 .Shows Pulp yield for five Sudanese wood species at the same pulping  
              conditions 
Black liquor specific gravity     
(sp.gr) 
Total yield (%) Species 
1.09 
    
     46.87 
Cordia africana 
1.16     46.37 Crateva adansonii 
1.15     40.59 Combretum glutinosum 
1.20     43.22 Sclerocarya birrea 
1.26     41.18 Terminalia brownii 
 
At the same pulping conditions Cordia africana and Crateva adansonii showed the 
highest yield values (46.87 % and 46.37% respectively). Followed by Sclerocarya 
birrea (43.22%) This was expected due to their higher values of cellulose content. 
The yield for Terminalia brownii and Combretum glutinosum was lower than the 
other three species (41.18% and 40.59% respectively).  
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Table 9.Shows cooking conditions and yield from Cordia africana, using Soda and         
             Soda-AQ pulping 
                    Soda                         Sods-AQ 
Code         P1       P2         P3       P4  
Pulping conditions                         
 
Active alkali as Na2O on oven         12               12                  12                12 
Dry wood % 
Anthraquinon on oven dry wood%    0                 0                  0.13             0.13 
Liquor to oven-dry wood 5:2 ratio     5:2             5:2                   5:2              5:2 
Maximum temperature, C0                 170           170                  170             170 
Time at maximum temp, min               120          120                  120             120 
Yield of oven-dry 
Cooked pulp on oven-dry wood,%      41.5         44.7                 47.7            53.6 
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Table 10.Shows cooking conditions and yield from Crateva adansonii, using Soda 
               and Soda-AQ pulping   
      
                    Soda                         Sods-AQ 
Code         P1       P2         P3       P4  
Pulping conditions                         
 
Active alkali as Na2O on oven          12               12                  12                12 
       Dry wood %  
Anthraquinon on oven dry wood%     0                 0                  0.13             0.13 
Liquor to oven-dry wood 5:2 ratio     5:2             5:2                   5:2              5:2 
Maximum temperature, C0                 170           170                  170             170 
Time at maximum temp,min               120          120                  120             120 
Yield of oven-dry 
Cooked pulp on oven-dry wood,%      48.8         28.5                44.0             41.5 
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Table 11 Shows cooking conditions and yield from Combretum glutinosum using  
               Soda and Soda-AQ pulping            
      
                    Soda                         Sods-AQ 
Code         P1       P2         P3       P4  
Pulping conditions                         
 
Active alkali as Na2O on oven                12               12                  12                12 
       Dry wood %  
Anthraquinon on oven dry wood%          0                 0                  0.13             0.13 
Liquor to oven-dry wood 5:2 ratio          5:2             5:2                   5:2              5:2 
Maximum temperature, C0                       170           170                  170             170 
Time at maximum temp,min                     120          120                  120             120 
Yield of oven-dry 
Cooked pulp on oven-dry wood,%            43.5          28.2              41.1             49.5 
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Table 12. Shows cooking conditions and yield from Terminalia brownii using Soda  
                 and Soda-AQ pulping 
      
                    Soda                         Sods-AQ 
Code         P1       P2         P3       P4  
Pulping conditions                         
 
Active alkali as Na2O on oven               12               12                  12                12 
       Dry wood %  
Anthraquinon on oven dry wood%        0                 0                  0.13             0.13 
Liquor to oven-dry wood 5:2 ratio         5:2             5:2                   5:2              5:2 
Maximum temperature, C0                     170           170                  170             170 
Time at maximum temp,min                   120          120                  120             120 
Yield of oven-dry 
Cooked pulp on oven-dry wood,%         31.5          39.7                 49.9             43.7 
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Table 13 .Shows  cooking conditions  and  yield  from  Sclerocarya birrea, using            
                   Soda and Soda-AQ pulping 
 
                    Soda                         Sods-AQ 
Code         P1       P2         P3       P4  
Pulping conditions                         
 
Active alkali as Na2O on oven             12               12                  12                12 
       Dry wood %  
Anthraquinon on oven dry wood%       0                 0                  0.13             0.13 
Liquor to oven-dry wood 5:2 ratio      5:2             5:2                   5:2              5:2 
Maximum temperature, C0                  170           170                  170             170 
Time at maximum temp, min               120          120                  120             120 
Yield of oven-dry 
Cooked pulp on oven-dry wood,%       44.5          43.0                 40.0            45.4           
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Table 14 Unbleached pulp yield and evaluation at 400SR freeness for five   
                       Sudanese  wood species     
Species  Total 
yield of 
pulp % 
Kappa 
number 
Freen
ess  
SR0 
Tensile 
index,N
m g-1 
Tear 
index,m
N m2 g-1 
Burst 
index,k
pa m2 g-
1  
Folding 
endurance,Log
n* 
Cordia africana   46.87   42.8     40   1.50    8.94   3.17     34.40 
Crateva adansonii   46.37   43.2     40   1.28    5.76   2.12     20.00 
Combretum glutinosum   40.59   29.5     40   2.34    8.92   3.15     33.20 
Terminalia brownie   41.18   36.4     40   2.28    9.24   3.22     40.20 
Sclerocarya birrea   43.22   33.3     40   1.82    9.42   3.12     34.00 
 
n*  =  number of double folds 
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Table   15.Unbleached   pulp   yield   and   evaluation  at  25 SR0   freeness  for five  
                  Sudanese tree species  
 
Species  Total 
yield of 
pulp % 
Kappa 
number 
Freen
ess  
SR0 
Tensile 
index,
Nm g-1 
Tear 
index,m
N m2 g-1 
Burst 
index,k
pa m2 
g-1  
Folding 
endurance,Log
n* 
Cordia africana   46.87   42.8     25   1.34    8.20   2.70     34.20 
Crateva adansonii   46.37   43.2     25   1.10    5.14   1.62     19.60 
Combretum glutinosum   40.59   29.5     25   1.36    8.70   2.07     28.20 
Terminalia brownie   41.18   36.4     25   1.76    9.18   2.95     38.40 
Sclerocarya birrea   43.22   33.3     25   1.42    9.12   3.05     33.60 
 
n*  =  number of double folds  
 
As shown in Tables (8, 9, 10, 11, 12, 13 and 15) with the same pulping conditions 
the results showed higher   pulp yield values   with the addition of  anthraquinone  
to pulps of all species under study compared to those pulped without 
anthraquinone . 
The higher yield value was that of Cordia africana (53.6 %0 followed by Crateva 
adansonii (48.8%) while for Terminalia brownii , Combretum glutinosum , and 
Sclerocarya birrea the values of yield are nearer to each other or almost the same 
(43.5 , 43.7 , and 44.5 %) respectively .At 40 SR Terminalia brownii showed 
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higher folding endurance , burst index , and tear index (40.20 , 3.22 , and 9.24 , 
respectively ) followed by Sclerocarya birrea (34.00 , 3.12, and 9.42 respectively),  
 while Crateva adansonii showed lower values for folding endurance , burst index , 
and tear index (20.00 , 2.12 , and 5.76 , respectively). 
The addition of both anthraquinone and gums made the Soda pulping of all five 
species studied very attractive from all points of view, i.e. pulp yield, chemical 
consumption and environmental hazards. However, an economical evaluation is 
needed to ensure the justifications of using these additives for such species. Such 
an evaluation will not only help the technologists to properly process and utilize 
these species, but also will enable the foresters to grow desirable wood species in 
sustainable supply and this will contribute to an efficient integrated industrial 
utilization.  
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Figure 9 Histogram showing physical test of pulp for 5 wood species at 25 SR0 
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Figure10. Histogram showing physical test of pulp for 5 wood species at 40 SR0  
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CHAPTER 5 
CONCLUSIONS 
The following conclusions were reached from the results and 
discussion of the present study. 
1. The physical and anatomical features of all the wood species 
studied did not indicate serious problems for liquor penetration and 
impregnation. The low basic density of Crateva adansonii should 
facilitate impregnation at higher woods – to – liquor ratio.  
2. The fiber characteristics and the morphological indices         
specific for each wood species were typical for tropical hardwoods 
and reasonable paper strength properties were expected. 
 3. The chemical composition of the five wood species studied 
indicated that all species were suitable for pulping by alkali process 
without difficulty, with low to moderate active alkali charges to 
acceptable and good yields. 
4. Soda pulping of the five wood species studied yielded more than 45 
% bleachable grade pulp with satisfactory paper strength properties. 
5. The use of Soda- AQ pulping for the five wood species studied , 
accelerated delignification and beating rate , reduced the alkali 
consumption , increased yield and gave pulps with properties superior 
to those of Soda pulping , except that higher tear strength was 
developed lower and at higher tensile strength.  
6. The strength properties of the paper production from the wood 
species studied were typical for hardwoods; they should be mixed with 
long fiber pulp in order to be used for stronger papers. 
7. The screened yield of Soda and Soda-AQ pulps of Crateva 
adansonii,  Combretum glutinosum species were more or less the same 
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and were higher for those of Cordia africana  ,  Terminalia brownii  ,  
Scleorcarya birrea.  
8. The addition of gum Arabic, or guar gum during beating increased 
the beating rate, improved the mechanical properties, especially the 
tear strength. 
9. The additives used in this study (AQ and gums) were so effective to 
the extend that Soda pulping of wood could actually be made to reach 
or surpass the Kraft pulping in production rate, yield and pulp 
properties and at the same time to bring reduction of pollution caused 
by Sulphur containing chemicals. 
10. All the wood species studied gave bleachable pulps suitable for 
manufacturing printing and writing grades of paper. 
 
 
 
 83
References 
 
Akhtarazzaman, A. F., M, DAS, p, and Bose, S., K. 1996. Effect of cooking 
variables in neutral sulphite anthraquinone pulping of Jute. 
Cellulose chem.. technol. 30; 229-238. 
 
Albrecht, J, ed.  1993. Tree seed handbook of Kenya. GTZ forest seed center 
MUguga, Nairobi, Kenya. 
 
Akerholm M. Salmẽn 2001. Interactions between wood polymers studies by 
dynamic FT-IR spectroscopy . Polymer 42:963-969.  
 
AOAD, 1991. Preliminary study on raw material availability for pulp and paper 
industry in Arab World (Arabic). Arab organization for Agricultural 
Developemnt, Khartoum B4. 
 
Alkaline Sulfite pulping  of Abaca(Musa Textilis Nee) from the Philippienes and 
Ecuador 2001 pulping conference proceeding.  
Alden,H.A. Hardwoods of North America. Madison, WI:USDA Forest 
service,Research Note FPL-4;1980. 
 
Bein, E. 1996. Useful trees and shrubs in Eritrea. Regional soil conservation unit 
(RSCU), Kenya. 
 
Bekele-Tesemma, A. Birinie, A. Tengnas, B. 1993. Useful trees and shrubs for 
Ethiopia. Regional soil conservation unit (RSCU), Swedish 
International developmen 
 84
Blain, T. J. 1993. Anthraquinone pulping. Fifteen years later TAPPI 76(3); 137-
146. 
 
Brown, D. W., Moddern, K. N., Mulcaly, J. P. and Turner, E. H. 1983. Counter 
current soda anthraquinone pulping and hardwood and pine. 
APPITA, 36(6): 444-451. 
 
Carlquist,Sherwin;Miller,Regis B.2001. Wood anatomy of Corynocarpaceace in 
consistent with cucurbitalean placement systematic 
botany.Vol.26,no.1(2001) :pages 54-65. 
 
Clark, T. D. 1984. The green of the south Lexington, K, Y. Univ, of Kentucky 
press. 
 
Clayton, D. w. 1980. New chemical accelerator for alkaline pulping, Innovation 
paper lnd. Corporate Exec-conf.(venice) proc: 13-23 [Abs. Bull, 
1983. 54(4): 3928]. 
 
COATES PAGRAVE, K. 1983. Trees of southern Africa, edn2. Struik, Cape 
Town. 
 
Cosey, J. P. 1980. Pulp and chemistry and chemical technology. Vol. 13d Ed, 
Willey, Intersci. New York. 820pp. 
Cosey, J. P. 1980. Pulp and paper chemistry technology. Vol.2. Willey Intersci. 
New York. 625pp. 
 85
Dadswell, H. E. and W. E. Hillis. 1962. Wood. In wood extractives and their 
significances, to the pulp and paper industries (W.E. Hillis, ed). P3. 
55. Academic press, New York. 
 
 
Draganova, R., Christova, E. and Vachev, V. 1973. Kinetics of lignin 
demethoxylation during its reaction with Ca-hypochlorite. 
Tzelluloza Hartya. 1: 19-21. 
 
Drummand, R. R. 1981. Common trees of the central watershed woodlands of 
Zimbabwe. National Resource Board. 
 
Eachus, S. w. 1982. Effect of soda-AQ pulping conditions on hollocellulose fibers. 
Proc. TAPPI Res, and Development divistion conf. Tappi, Atlanta, 
71-74 
FAO, 1995. Commodity Review and outlook. FAO, Rome. 178pp. 
 
FAO. 1994. Commodity Review and out look. (Arabic). FAO, Rome. 176pp. 
 
Friis, Z. 1992. Forests and forest trees of northeast tropical Africa. Her Majestys 
Stationary office, London. 
 
Gabir, S. 1982. Summarization and documentation of the studies and reports on 
cellulose and paper industry in Sudan. Part 2. (Arabic). NCR Press, 
Khartoum. 26pp. 
 86
Gabir, S. and Khristova, P. 1983. Fibrous semi products from raw material 
resources for paper and board production in Sudan. Agricultural residues: Bagasse 
and cotton stalks. Agricultural wastes, 8: 9-15. 
 
Gabir, S. and Khristova, P. 1994. Pulping characteristics of some indigenous and 
exotic fibrous raw materials from Sudan. Presented at the First 
Scientific conference, 28th Jan. Khartoum. 
Gegory, M. Bibliography of systematic wood anatomy of dicotyledons. 
Leiden,The Netherlands : Hortus Botanicus; 1994.  
 
Goyal, P. and Misra, N. D. 1982. Economics of bamboo and hardwood pulping 
ahthraquinone catalyzed kraft process. IPPTA, 19(1): 1-5 
[Abs.bull.1983. 54(2): 1540]. 
 
Halpern, M. G. 1975. Pulp manufacture. Noyes Data Crop. New Jersey. 378pp. 
 
Hamilton, A. C. 1981. A field guide to Uganda forest trees.  
 
Hillis, W. S. 1962. Wood extractives and their significance to the pulp and paper 
industry. Academic Press, New York 513pp. 
 
Hines DA, Eckman, K. 1993. Indigenous pultipurpose trees for Tanzania: uses 
and economic benefits to the people. Cultural Survival Canada 
ab]nd Development services Foundation of Tanzania. 
 
Hunt, John F. 1998. Know your fibers; process and properties or a material 
approach to desgning pulp Molded products. IMPEPA New 
 87
developments in Molded pulp processes & puckaging; Seminar 
proceedings, Jute 1sth. 1998, O Hare Hilton Hotel Chicago. 
Luinois, USA, Mequon, Wis; International Molded Pulp 
Environmental packaging Assoc, 1998: (16):p. 
Hunt, Chris; Yu, Xiaochum; Bond, James; Agarwal, Umesh, Atalla,Raj 2003. 
Aging of printing and writing paper upon exposure to light part 2, Mechanical 
Chemical properties 12th ISWPC International Symposium on Wood and pulping 
chemistry : Madison Wisconsim, June 9-12,2003,proceedings. Volume III, Poster 
presentations.[ Madison, WI; University of Wisconsin – Madison, Dept. of forest 
Ecology Management ,2003 ]: Pages 231-234.  
 
Ince, P. J. 2004. Fiber resources Encyclopedia of forest Sciences volume two. 
Oxford: Elsevier Academic Press. 2004; pages 877-883. USDA Forest Services- 
Resources & Development. 
 
Irvine, G. M. and Nelson, R. J. 1986. Studies on soda-anthraquinone pulping. 
Part 2. A comparison of kraft , kraft-Aq and soda-Aq-ethanol pulps 
from Pinus radiat wood. Appita, 39(4): 239-292. 
 
Jacobs, M. 1965. The genus Crateva (Capparaceae). Blumea 12(2): 177-200. 
 
Jane, F. W; Wilson, K; and White, D. J. B. 1970. The structure of wood, 
London: Adam & Charles Black, P-108. 
 
Jayasingam, t. 1988. Introduction to pulp and paper science and technology. NCR 
press, Khartoum 22/4pp. 
 
 88
Jimenez, L. S., Lopez, F. B. And  Luis,  J. F. H. 1993. Evaluation of agricultural 
residues for paper manufacture. Tappi, J. 76(3): 169-179. 
 
Kersten et al,2001;Fratzl et al ,2004a. Cell  wall  layers. 
Khristoff, ZW, and Khristova, P. 1980. Method and apparatus for obtaining 
fibrous material by application of high temperature shock. Cellulose 
chem., technol, I, 913-918. 
 
Khristova, P. 1990. Pulping potentialities of some fibrous resources in Sudan 
Interim, Report National Council for Research (Sudan) Khartoum. 
 
Khristova, P. 1995. Wood chemistry. An introduction text for forester in the 
tropic. Khartoum University Press, Khartoum. 
 
Khristova, P. and Gabir, S. 1983. Raw material resources for paper on Sudan. 
Part 3. Pulping of  Cyperus papyrus L. Sudan Silva V 69-75. 
 
Khristova, P. and Gabir, S. 1988. Laboratory manual in pulp and papermaking 
cellulose chemistry and Technology Research Unit, National 
council for Research Khartoum. 
 
Khristova, P. and Khristova, Tzv. 1973. Additional physic-chemical studies on 
the chemical composition of Cyperus papyrus I. Dtem. Pulp and 
paper (sofia )zv, 19-23 (Engabstract.]. 
 
 89
Khristova, P.,  Gabir, S. and Taha, O. 1989. Physical morphological and 
chemical characteristics of some exotic fast growing species in 
Sudan, cellulose chem., Technol, 23, 121-129. 
 
Khristova, P., Gabir, S. and Khristov, Tzv. 1977. Studies on lignin from 
Cyperus papyrus L. part 1. Isolation and chemical characteristics. 
Sudan silva 111. 2-12. 
 
Khristova, P., Gabir, S. and Khristov, Tzv. 1981/82. High yield 
chemothermomechanical pulps from Eucalyptus camaldulensis and 
Oxytenthera abyssinica. Sudan Silva. IV.6-10. 
 
Khristova, P., Gabir, S. and Taha, O. 1990. Soda-Aq pulping of Pinus radiate 
from sudan, trop, Sci, 30, 281-287. 
 
Khristova, P., Gabir, S., petkova, E. and Taha, O. 1990. Pulping with additives 
of some exotic fast growing wood species in Sudan. Cellulose 
chem., technol, 24, 381-388.  
 
Kirkpatrick, N. 1991.Environmental Issues in the pulp and paper Industries. 
Surrey, U.K. : Pira International.  
 
King, N. J. and Loidlow, R. A. 1970. The lignin component of timber: Its 
properties and utilization. In: the wood we grow: supplement to 
Forestry. Oxford University, Edinburgh: 76-84. 
 
 90
Kollman, F. F. P. and Cote, W. A. 1968. Principles of wood science and 
technology. springer, Verlag Berlin.  
 
Kukachka, B.F. 1981. Wood anatomy of the neotropical Sapotaceae. 
Res.Pap.FPL-373. Madison, WI:U.S. Department  of   Agriculture, 
Forest service, Forest products Laboratory,1981:10 pages.  
 
Langenhelm, J.H, and K.V. Thimann.1982. Plant biology and its Relation to 
Human Affairs . John Witey& Sons, NewYork.  
 
Laine, J. E, Ketturen, J. V., Ojaven, E. A. and Virkof, N. E. 1983. Strength 
properties of various sulphite pulps. In: TAPPI Int. sulphite pulping 
cont (Toronto) proc: 91-97 [Abs-Bull, 1963. 53(3): 2695]. 
 
Levin, J. E. 1982. On the suitability of McNett classifier for fiber length 
classification. Paper a puu, 64: 213 [Abs-bull 53:8365]. 
 
Macleod, J. M., Pulp and Paper Research Institute of Canada Gry, N. and Alberta 
Research Council. 1982. Soda-AQ hardwoods-physical properties 
and bleachabilty. [PPA. Ann Mlg (Montreal)] preprints 68B: 51-56 
[Abs-Bull. 1983,  53 (19): 9527]. 
 
Masura, V., Velik, J., Bucek, J. and Prokop, V. 1983. Mill traits with 
anthraquinone addition during sulphite delignification. Papir 
Celluloza. 37(5): 80-86 [Abs-Bull. 1983. 53 (8):8386)]. 
 
 91
Misera, D. K. 1975. Industrial experiences and problems in stock preparation and 
papermaking utilizing non wood fibrous material. In: non-wood 
plant. Fiber pulping No 6 TAPPI Press, Atlanta, 109 pp. 
 
Misera, D. K. 1979. Bleaching of non wood fiber pulps. In: the bleaching of pulp 
Singh, R. P. (Ed) TAPPI Press, Atlanta, 694 pp.  
 
Myers,G.C;Kumar,S.;Gustafson,R.R.;Barbour,R.J.;Abubakr,S.M.1997.Pulp 
quality from small diameter trees. Role of wood production in 
ecosystem management. 
 
Nakanishi, K., Gote, T., Its, S., Nataari, s. and Nozoe, S. 1975. Natural product 
chemistry, Vol, 2. Academic Press, New York. 588 pp. 
Nordic  council of Ministers. 1993. “Study of Nordic pulp and paper Industry and 
the Environment”. Nordiske Seminar-9 Arbejds-rapporter 
1993:638.Copenhagen. 
Obolenskuya, A. B., Tshegov, V. P., Akim, G., Kosviez, N. I. and Emelyanova, 
I. Z. 1965. Practice Skie Raboty Pokhimi Drevenii Tzeluloze. 
Losprom, Moscow, 412pp. 
 
Panshin A. J., harrar, E. S., Bethel, J. S. and Baker, W. J. 1962. Forest product:  
Their source production and utilization. Mc. Graw-Hill, New York 
538 pp. 
 
Panshin,  A.  J.   And  DeZeeuw, C.  1970.   Textbook  of  wood  technology.  
Vol  1. Mc Graw-Hill,  New York 705 pp. 
 
 92
Panshin, A. J. and DeZeeuw, C. Textbook of wood technology. Structure, 
identification  and uses of the commercial woods of the United 
States and Canada.  Fourth Edition. New York: McGraw-Hill Book 
company; 1980.  
 
Pao, G. V., Swamy, V. S. R., Gopichand, K., Swamy, C. V. and rao, A. V. 
1982. Kraft-AQ and soda pulping of Mesta (Roselle, Hibiscus 
Sabdariffa). Pulp and paper world, 2(8): 9-12 [Abs-Bull. 1983. 
54(6): 6(98)]. 
 
Parathasarathy, V. R., Singh, P., Chandra, S., Saksena, U. L. and Chawdhary, 
L. N. 1983. Low sulphite-AQ pulping of hardwood and softwood 
mixtures (Eucalyptus tereticornis, Pinus roxyburghii 70:30) Appita, 
37(1): 70-72. 
 
R. Johnson and A. Zink-Sharp .1999.    Modification   of  Cellulose  fiber.  
 
Sharoma, P. I. 1984. Gums and starches of forest origin as wet-end addition in 
papermakinh. Cellulose chem. Technol, 18:625-629. 
 
Singh, R. P. 1979a. Historical and introductory. In: the bleaching of pulp, Singh, 
R. P. (Ed). Tappi press, Atlanta. 694 pp. 
 
Singh, R. P. 1979b. principle of bleaching. In: the bleaching of pulp, Singh, R. P. 
(Ed). Tappi press, Atlanta. 694 pp. 
 
 93
Springer, Edward.; Atalla, Rajai H.; Reiner, Richard S.2002. Potential Sulfar-
free pulping methods 2002 TAPPI Fall Technical conference and 
Trade Fair. Atlanta, GA: TAPPI, C2002:[5] pages.  
Taha, O.  1999.  The main source for the imports of paper products are Sweden, 
USA Kenya  and  Germany.  
 
TAPPI, 1982. Standard and suggested methods. Technical Association of pulp and 
paper industry, Atlanta. 
 
Upadhyaya, JS. And Singh, SP. 1986. Studies on kraft anthraquinone pulping of 
mixed hardwoods. In: Holzforschug-und Hozvewertung. 38(3): 62-
66 (CAPAbs 1986).  
USEPA ( United States Environmental Protection Agency ).1993.Pulp and paper, 
and  paperboard Industry. 
 
Vroom, K. E. 1957. The H-factor, a mean of expressing cooking times and 
temperatures as single variable. Pulp and paper Mag. Can. 58:228-
231. 
Wang, K. T. 1982. Alkaline pulping of Bambusa arundinacea with addition of 
anthraquinone. Bull Taiwan Forestry Res. Inst. (378). 12p [Abs-
Bull. 1983, 54(5): 4923]. 
 
Wong, A. 1981. Sulphite pulping: a review of its history and current technology. 
In: Pulping processes: Mill operation, Technology and Practices. 
Smith, K. E. (Ed). Miller Freeman Publication, San Francisco. 215 
pp. 
 94
World Bank.1996 “Pollution prevention and Abatement: Pulp and paper Mills”. 
Draft Technical Background Document.   Environment  
Department, Washington, D.C. 
 
 
 
